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(54) Method of manufacturing semiconductor wafer method of using and utilizing the same 



(57) A process for manufacturing a semiconductor 
wafer which has superior suitability for mass production 
and reproducibility. The process comprises the steps of 
preparing a first member which has a monocrystalline 
semiconductor layer on a semiconductor substrate with 
a separation layer arranged therebetween with a semi- 
conductor wafer as the raw material, transferring the 



monocrystalline semiconductor layer onto a second 
member which comprises a semiconductor wafer after 
separating the monocrystalline semiconductor layer 
through the separation layer, and smoothing the surface 
of the semiconductor substrate after the transferring 
step so as to be used as a semiconductor wafer for pur- 
poses other than forming the first and second members. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to a process for manufacturing a semiconductor wafer and also to a process for using 
and utilizing such a semiconductor wafer. 

[0002] More particularly, the present invention relates to a process for manufacturing a semiconductor wafer that 
10 can be used for producing a semiconductor device such as a microprocessor, a memory, a logic circuit, a system LSI, 
a solar battery, an image sensor, a light emitting device or a display device, as a monitor wafer such as a film thickness 
monitor to be used for forming a film, an etching depth monitor to be used for an etching operation or a particle monitor 
to be used for detecting and counting foreign particles or as a dummy wafer to be used in a processing system in order 
to regulate various processing conditions for film formation, heat treatment, doping or etching. It also relates to a method 
is of using and utilizing such a semiconductor wafer. Specifically, the present invention is adapted to manufacture sem- 
iconductor wafers of different types that can be used and utilized in different applications. 

Related Background Art 

20 [0003] Semiconductor wafers having layers of various semiconductor materials such as Si, GaAs, InP and GaN are 
known. Particularly, SOI wafers comprising a support substrate having an insulating surface and a semiconductor layer 
formed thereon are attracting attention as they are highly adapted to preparing semiconductor devices that operate at 
high speed with a low power consumption. For the purpose of this invention, an SOI wafer refers to a wafer carrying 
a semiconductor on an insulator, which may not necessarily be a wafer carrying silicon on an insulator. 

25 [0004] Known SOI wafers include SIMOX wafers prepared through oxygen ion implantation and heat treatment and 
bonded wafers such as those described in Japanese Patent Application Laid-Open No. 5-211128, U.S. Patent No. 
5, 374 r 564 and Japanese Patent Application Laid-Open No. 10-200080 and prepared through hydrogen ion implantation 
and peeling as well as the one described in International Patent Publication W098/52216 and prepared through plasma 
immersion ion implantation (Pill). Japanese Patent Application Laid-Open No. 2608351 and U.S. Patent No. 5,371 ,037 

30 describe respective methods of preparing a high quality SOI wafer by transferring an epitaxial layer on a separate 
support substrate. 

[0005] Japanese Patent Application Laid-Open No. 7-302889 (U.S. Patent No. 5,856,229) proposes an improved 
method for transferring an epitaxial layer. 

[0006] FIGS. 17A through 17E schematically illustrate the known method for transferring an epitaxial layer. 
35 [0007] Firstly, as shown in FIG. 17A, a semiconductor wafer that is an Si wafer (which may be referred to as prime 
wafer, bond wafer, device wafer or seed wafer) is brought in and the surface anodized to produce a porous layer 4 on 
the surface. 

[0008] Then, as shown in FIG. 17B, a non-porous monocrystalline semiconductor layer 5 is formed on the porous 
layer 4 by epitaxial growth, typically using a CVD technique. 
40 [0009] Thereafter, as shown in FIG. 17C, the surface of the epitaxial layer (non-porous monocrystalline semicon- 
ductor layer) is oxidized to produce an insulating layer 6. Then, said insulating layer 6 is brought to contact with and 
bonded to the surface of another semiconductor wafer 2 (or a piece of quartz glass). Thus, a multilayer structure 
containing the epitaxial layer 5 in the inside is prepared. 

[0010] Then, as shown in FIG. 17D, the multilayer structure is subjected to external force or internal stress typically 
45 by inserting a wedge into a lateral side thereof or heating the multilayer structure in order to split it along the porous 
layer (reference numerals 41 and 42 in FIG. 17D shows the split porous layer). 

[0011] Then, the porous layer 4B remaining on the surface of the epitaxial layer 5 that has been transferred to the 
second semiconductor wafer 2 (also referred to as handle wafer or base wafer) is removed by wet etching, using a 
mixture solution of hydrofluoric acid and hydrogen peroxide. Then, as shown in FIG. 17E, the exposed epitaxial layer 

so is smoothed typically by hydrogen annealing to produce a finished SOI that has remarkable characteristics. 

[0012] On the other hand, the separated Si wafer still maintains the profile of a thin disk. Therefore, it can be used 
as Si wafer 1 for preparing another SOI wafer as shown in FIG. 17A for another time after removing the porous layer 
remaining on the cleaved side thereof also by wet etching, using the same solution. Alternatively, it may be used as 
semiconductor wafer 2 for preparing another SOI wafer as shown in FIG. 17B. 

55 [0013] As described above, Japanese Patent Application Laid-Open No. 7-302889 discloses a method of reusing a 
peeled Si wafer as Si wafer 1 as shown in FIG. 17A or as semiconductor wafer 2 as shown in FIG. 17B. 
[0014] However, the above described method is accompanied by several problems to be dissolved. 
[001 5] For instance, when an Si wafer is repeatedly reused as the first wafer, it gradually loses its thickness because 
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its surface layer is turned into a porous layer for another time and the produced porous layer is subsequently removed. 
Therefore, each reuse of such an Si wafer may require a cumbersome process of adjusting the conditions under which 
it is reused by forming a porous layer on the surface to consequently reduce its thickness further. Additionally, if a 
multilayer structure is produced, it can be sensitively affected by the thickness of the first wafer and those of other 
5 layers to become swerved under certain conditions. Thus, it is highly important to rigorously control the thickness of 
the first wafer. 

[001 6J Additionally, the damage to the Si wafer that occurred in the separating step may adversely affect the subse- 
quent steps including that of producing a porous layer to make it no longer usable for manufacturing SOI wafers having 
the same and identical characteristics. 
10 [0017] Still additionally, the process of manufacturing SOI wafers is far more complex than that of manufacturing 
bulk wafers and hence the yield of manufacturing SOI wafers is normally rather low In other words, if the reusable first 
wafer is actually reused as the first or second wafer for preparing another SOI wafer, it may not satisfactorily be used 
on a commercial basis from the viewpoint of attaining a necessary quality level. 

[0018] While the above known method of reusing an Si wafer is intended to reuse the first wafer that is recovered 
15 after the process of manufacturing an SOI wafer for manufacturing another SOI wafer of the same quality the Si wafer 
is normally short of meeting the requirements of a commercially feasible wafer of the type under consideration. 
[0019] Then, such an Si wafer may have no value from the viewpoint of reducing waste and exploiting limited re- 
sources in the industry of the near future. 

20 SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to provide a process for manufacturing a semiconductor wafer which has 
superior suitability for mass production and reproducibility. 

[0021] It is another object of the present invention to provide a process for manufacturing a semiconductor wafer 
25 which improves economic efficiency and provides SOI wafers having excellent quality without decreasing the number 
of wafers on the market. 

[0022] A process for manufacturing a semiconductor wafer according to the present invention comprises the steps of: 

preparing a first member which has a semiconductor layer on a semiconductor substrate; 
30 transferring said semiconductor layer onto a second member after separating said semiconductor layer from said 

first member; and 

smoothing the surface of said semiconductor substrate after said transferring step so as to use said semiconductor 
substrate as a semiconductor wafer for purposes other than forming said first and second members. 

35 [0023] Moreover, a process for manufacturing a semiconductor wafer according to the present invention comprises 
the steps of: 

preparing a first member which has a semiconductor layer on a semiconductor substrate with a separation layer 
arranged therebetween; 

40 transferring said semiconductor layer onto a second member after separating said semiconductor layer through 

said separation layer; and 

smoothing the surface of said semiconductor substrate after said transferring step so as to use said semiconductor 
substrate as a semiconductor wafer for purposes other than forming said first and second members. 

4 5 [0024] A process for manufacturing a semiconductor wafer according to the present invention comprises the steps of: 

preparing a first member which has a semiconductor layer on a p-type semiconductor substrate; 
separating said semiconductor layer from said first member to transfer the semiconductor layer onto a second 
member, thereby forming a first semiconductor wafer; and 
50 conducting epitaxial growth of a low concentration p-type semiconductor layer on said p-type semiconductor sub- 

strate from which said semiconductor layer has been separated, said low concentration p-type semiconductor 
layer having an impurity concentration, which defines p-type conductivity, lower than that of said p-type semicon- 
ductor substrate. 
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[0025] A process for manufacturing a semiconductor wafer according to the present invention comprises the steps of: 

preparing a first member which has a semiconductor layer on a p-type semiconductor substrate with a separation 
layer arranged therebetween; 
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separating said semiconductor layer through said separation layer to transfer the semiconductor layer onto a sec- 
ond member, thereby forming a first semiconductor wafer; and 

conducting epitaxial growth of a low concentration p-type semiconductor layer on said p-type semiconductor sub- 
strate which has been separated through said separation layer, said low concentration p-type semiconductor layer 
s having impurity concentration, which defines p-type conductivity, lower than that of said p-type semiconductor 

substrate. 

[0026] A process for manufacturing a semiconductor wafer according to the present invention comprises the steps of: 

10 forming a separation layer within a p-type semiconductor substrate to form a first member which has a semicon- 

ductor layer on said separation layer; 

separating said semiconductor layer through said separation layer to transfer the semiconductor layer onto a sec- 
ond member, thereby forming a first semiconductor wafer; and 

conducting epitaxial growth of a low concentration p-type semiconductor layer on said p-type semiconductor sub- 
is strate which has been separated through said separation layer, said low concentration p-type semiconductor layer 

having impurity concentration, which defines p-type conductivity, lower than that of said p-type semiconductor 
substrate. 

[0027] A process for manufacturing a semiconductor wafer according to the present invention comprises steps of: 

20 

preparing a first member which has a semiconductor layer on a p-type semiconductor substrate with a separation 
layer arranged therebetween; 

bonding said first member with a second member to form a multilayer structure; 
conducting heat-treatment of said multilayer structure under an oxidizing atmosphere 
25 separating said multilayer structure through said separation layer to transfer said semiconductor layer onto a sec- 

ond member, thereby forming a first semiconductor wafer; and 

conducting epitaxial growth of a low concentration p-type semiconductor layer on said p-type semiconductor sub- 
strate which has been separated through said separation layer, said low concentration p-type semiconductor layer 
having impurity concentration, which defines p-type conductivity, lower than that of said p-type semiconductor 
30 substrate. 

[0028] A process for manufacturing a semiconductor wafer according to the present invention comprises the steps of: 

preparing a first member which has at least a first semiconductor layer comprising an epitaxial semiconductor layer 
35 having impurity concentration, which defines p-type conductivity, lower than that of a p-type semiconductor sub- 

strate, a separation layer, and a second semiconductor layer, arranged on said p-type semiconductor substrate in 
that order; and 

forming a first semiconductor wafer by transferring said second semiconductor layer onto said second member 
through the separation step of separating said second semiconductor layer through said separation layer, and 
40 forming a second semiconductor wafer by separating said p-type semiconductor substrate having said first sem- 

iconductor layer through said separation layer. 

[0029] A process for manufacturing a semiconductor wafer according to the present invention comprises the steps of: 

^5 forming at least a first semiconductor layer comprising an epitaxial semiconductor layer having impurity concen- 

tration, which defines p-type conductivity, lower than that of a p-type semiconductor substrate; and a second sem- 
iconductor layer comprising an epitaxial semiconductor layer having impurity concentration, which defines p-type 
conductivity, higher than that of said first semiconductor layer, arranged on said p-type semiconductor substrate 
in the order as mentioned; making said second semiconductor layer and part of said first semiconductor layer 

50 porous; and forming a third semiconductor layer onto said second semiconductor layer made porous; thereby 

forming a first member; and 

transferring said third semiconductor layer onto said second member to form a first semiconductor wafer, and 
forming a second semiconductor wafer comprising said p-type semiconductor substrate having said first semicon- 
ductor layer 

55 

[0030] A method for using a semiconductor wafer according to present invention is characterized by preparing a 
seed-wafer which has been used for manufacturing a bonded SOI substrate followed by conducting smoothing treat- 
ment on at least one surface of said seed- wafer so as to be sold as a semiconductor wafer without being used for 
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manufacturing the bonded SOI substrate again. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0031 ] FIG. 1 is a flow chart showing a process for manufacturing a semiconductor wafer according to a fundamental, 
embodiment of the present invention. 

[0032] FIG. 2 is a flow chart showing a process for manufacturing a semiconductor wafer according to another fun- 
damental embodiment of the present invention. 

[0033] FIG. 3 is a flow chart showing a process for manufacturing a semiconductor wafer according to another fun- 
io damental embodiment of the present invention. 

[0034] FIGS. 4A t 4B, 4C, 4D, 4E, 4F and 4G are process diagrams showing a process for manufacturing a wafer 
according to a first embodiment of the present invention. 

[0035] FIGS. 5 A, SB, 5C, 5D, 5E f 5F, 5G, 5H and 51 are process diagrams showing a process for manufacturing a 
wafer according to a second embodiment of the present invention. 
is [0036] FIGS. 6A, 6B, 6C, 6D, 6E, 6F and 6G are process diagrams showing a process for manufacturing a wafer 
according to a fourth embodiment of the present invention. 

[0037] FIGS. 7A, 7B, 7C, 7D, 7E, 7F, 7G, 7H and 71 are process diagrams showing a process for manufacturing a 
wafer according to a fifth embodiment of the present invention. 

[0038] FIGS. 8A, 8B, 8C, 8D, 8E, 8F and 8G are process diagrams showing a process for manufacturing a wafer 
20 according to a seventh embodiment of the present invention. 

[0039] FIGS. 9A, 9B, 9C, 9D, 9E, 9F and 9G are process diagrams showing a process for manufacturing a wafer 
according to an eighth embodiment of the present invention. 

[0040] FIG. 10 is an explanatory diagram showing an example of a manufacturing system. 
[0041] FIG. 11 is an explanatory diagram showing another example of a manufacturing system. 
25 [0O42] FIG. 12 is a flow chart of an inspection process for determining use to which a first wafer after separation is 
diverted. 

[0043] FIG. 13 is an explanatory diagram showing an example of a manufacturing system. 
[0044] FIG. 14 is an explanatory diagram showing another example of a manufacturing system. 
[0045] Fl GS. 1 5A, 1 5B, 1 5C, 1 5D, 1 5E, 1 5F, 1 5G and 1 5H are process diagrams showing a process for manufacturing 
30 a wafer of the present invention. 

[0046] FIGS. 16A, 16B, 16C and 16D are process diagrams showing a process for manufacturing a solar battery of 
the present invention. 

[0047] FIGS. 17A, 17B, 17C, 17D and 17E are schematic diagrams showing a prior art process for transferring an 
epitaxial layer. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0048] FIG. 1 is a flow chart showing a process for manufacturing a semiconductor wafer according to a fundamental 
embodiment of the present invention. 
4° [0049] First, as shown in step S1 of FIG. 1 , a semiconductor wafer is provided as a first wafer. As a semiconductor 
wafer, both an SOI wafer and a non-SOl wafer can be employed. In particular, non-SOl wafers such as a CZ wafer, 
an FZ wafer, an epitaxial wafer, and a hydrogen-annealed wafer are preferably employed. The CZ wafer and FZ wafer 
are wafers produced by the Czochralski process and floating zone process, respectively. 

[0050] Next, as in step S2, a separation layer is formed on the semiconductor wafer, and a first member having a 
monocrystalline semiconductor on a semiconductor substrate with a separation layer arranged therebetween is formed. 
There are two methods for forming the separation layer. One is a method for forming a porous layer, and then, forming 
a non-porous layer on its surface. The non-porous layer is formed by a method of epitaxially growing it on the porous 
layer, and a method of conducting heat-treatment on the surface of the porous layer in a reducing atmosphere containing 
hydrogen or the like. The other is a method of injecting at least one ion of a hydrogen ion, a rare gas ion, and a nitrogen 
so ion or the like into the first wafer, thereby forming a layer including fine voids (these fine voids include gas or the like 
called microbubbles, which are also called micro-cavity) or a layer including potential fine voids that can be produced 
by subsequent heat treatment at a predetermined depth position from the surface of the first water. 
[0051] In any case, a monocrystalline semiconductor layer having its predetermined thickness on the surface of a 
semiconductor wafer is formed before forming the separation layer, and the separation layer may be formed within the 
layer. 

[0052] A layer on the semiconductor layer is selected from among a monocrystalline semiconductor layer, polycrys- 
talline semiconductor layer, and an amorphous semiconductor layer or the like. Specifically, it includes Si, Ge, SiGe, 
SiC, C, GaAs, AIGaAs, InGaAs, InP, InAsorthe like. Further, on the surface of these semiconductor layers, an insulating 
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layer such as silicon oxide, silicon nitride, or silicon nitride oxide or the like may be formed by thermal oxidization, CVD, 
sputtering or the like. 

[0053] If a separation layer is not formed in advance, as described later, a multilayer structure may be cut at a proper 
position after the structure has been formed. Alternatively, if an interface at which stress is produced is prepared, the 

5 structure will be separated at the interface. That is, the structure may be via the steps of S1 , S3, and S4. 

[0054] Then, in step S3, a portion being a support, substrate (a second member) is formed on a semiconductor wafer 
having a separation layer formed thereon, and a multilayer structure is formed. There are two methods for forming a 
portion being this support substrate. One is a method of bonding an additionally provided second wafer on the first 
wafer having the separation layer formed thereon; and the other is a method of depositing a relatively thick material 

10 such as polycrystalline silicon on the first wafer, thereby forming a support substrate. As a second wafer, a wafer having 
the same structure as the first semiconductor substrate such as a CZ wafer, an FZ wafer, an epitaxial wafer, a hydrogen 
annealed wafer or the like can be employed. The first wafer may be bonded directly on the semiconductor surface of 
these wafers or may be bonded via an insulating layer and/or a bonding layer between these wafers. Alternatively, in 
place of the second wafer, an insulating transparent substrate such as quartz glass, plastics or the like, a conductive 

15 metal substrate such as flexible metal film, aluminum, stainless steel or the like, or ceramics or the like can be employed, 
and the first wafer may be bonded directly or indirectly thereto via the insulating layer and/or the bonding layer. 
[0055] Then, in step S4, a multilayer structure is separated on the separation layer. There are two separation meth- 
ods. One is a method of externally heating a multilayer structure, emitting light to the multilayer structure to absorbe 
light, thereby generating separation energy inside of the multilayer structure. Specifically, a layer including fine voids 

20 formed by implanting a hydrogen ion, a rare gas ion, a nitride ion or the like at a predetermined depth position of the 
first wafer or a layer including potential fine voids is subjected to thermal energy, whereby its density decreases with 
increasing the fine voids. In this manner, a release phenomenon of a multilayer structure occurs in the layer This is a 
method of generating separation energy inside the multilayer structure. Alternatively, there may be a separation method 
of oxidizing the separation layer and/or its vicinity from the side by heating process and utilizing stress due to growth 

25 of oxide film or the like. The above heat energy is generated by heat treatment at 300°C to 800°C or preferably heat 
treatment at 400° C to 600°C. 

[0056] The other is a method of externally imparting separation energy directly to a multilayer structure. Specifically, 
it includes a method of inserting a wedge into the side of the multilayer structure, thereby peeling the structure; a 
method of blowing a fluid consisting of liquid and/or gas on the side of the multilayer structure, thereby peeling the 

30 structure; a method of applying tensile force in opposite directions to the front and back surfaces of the multilayer 
structure with each other, thereby peeling the structure; a method of applying a pressing force in opposite directions 
to the front and back surfaces of the multilayer structure with each other, thereby destroying to peel a separation layer; 
a method of applying shear force to the side of the multilayer structure, thereby destroying the separation to peel the 
structure; a slicing method using an inner circumference blade or a wire saw; or a method of imparting ultrasonic wave 

35 vibration, thereby destroying the separation layer and the like. 

[0057] As for a fluid to be used, there can be used an organic solvent such as alcohol without using water; acid such 
as hydrofluoric acid and nitric acid; or alkali such as potassium hydroxide; and liquid having function of selectively 
etching the other separation area or the like. Further, as a fluid, gas such as air, nitrogen gas, carbonic acid gas, rare 
gas or the like may be employed. Gas or plasma capable of etching action to the separation area can be employed. 

40 For use as jet flow, it is desirable to use water with its high purity such as pure water or ultra-pure water having impurity 
metal or particles removed therefrom. However, when the separation step is carried out in a completely low-temperature 
process, it is possible to perform rinsing and removal after water jet separation. 
[0058] Of course, the above mentioned various separation methods may be used in combination. 
[0059] The thus obtained wafer becomes a highly value-added wafer such as an SOI wafer, and a semiconductor 

45 device is produced using the wafer. The produced semiconductor device has its superiority in low power consumption, 
and can be operated at high speed (step S5). 

[0060] On the other hand, the separated first wafer (semiconductor substrate) is employed as a non-SOl wafer with 
its surface being smoothed (smoothened) instead of being utilized as a first or second wafer again in the above step, 
and a general semiconductor device is provided by utilizing the wafer 
50 Alternatively, this wafer can be used as a monitoring or dummy wafer (step S6). In addition, the wafer can be diverted 
for producing solar cells through a process disclosed in Japanese Patent Application Laid-Open Nos. 8-21 3645, 
10-233352, and 10-270361. 

[0061] For surface smoothing, at least one out of polishing, grinding, etching, heat treatment or the like may be 
applied to the separated first wafer. In particular, a method of conducting heat treatment on the first wafer separated 
55 in a reducing atmosphere containing hydrogen (hydrogen annealing) is a more preferred method in that surface smooth- 
ing is made possible while a decrease in wafer thickness is suppressed, and at the same time, impurities such as boron 
contained in the wafer surface layer after separation are diffused outwardly, making it possible to lower the concentration 
of impurities. 
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[0062] A temperature preferable for hydrogen annealing is above 300°C and betow the melting point of a wafer- 
consisting material. When this annealing is applied to a monocrystalline silicon wafer, the lower limit of the temperature 
is 800°C, more preferably 1000°C, and the upper limit of the temperature is the melting point of the silicon, more 
preferably 1400°C, or further preferably 1200°C. 
5 [0063] The pressure of a reducing atmosphere preferable to hydrogen annealing may be increased pressure, at- 
mospheric pressure, or reduced pressure, it should be below the atmospheric pressure and 3.9 X 10 4 Pa or above, 
or it should be preferably below the atmospheric pressure and 1.3 Pa or more. 

[0064] The treatment time preferable to hydrogen annealing is not particularly limited, because it is selected appro- 
priately according to required properties. The realistic range is from about 1 minute to 10 hours. 
io [0065] As a gas for providing a reducing atmosphere containing hydrogen, 100% hydrogen and a mixture gas of 
hydrogen and inert gas can be employed. 

[0066] A first wafer after peeling, which was obtained via such hydrogen annealing, is at the same level as that of a 
commercially available hydrogen-annealed wafer, which is preferable to produce a semiconductor device such as LSI. 
[0067] Smoothing due to polishing is a very superior method. Even if a surface failure occurs, the faulty surface can 
is be almost removed by polishing ft. Unlike surface polishing of the SOI layer, severe requirements are not applied to 
this polishing with respect to its uniformity. The polishing can be performed by a method similar to polishing of a general 
Si wafer, and is superior in mass productivity. However, the wafer thickness is decreased by polishing, and thus, hy- 
drogen annealing is superior in this point of view. 

[0068] As a polishing method, chemical and mechanical polishing (CMP) is preferred. As a polishing agent for per- 
20 forming CMP, there can be employed silica glass (borosiltcate glass), titanium dioxide, titanium nitride, aluminum oxide, 
iron nitrate, cerium oxide, colloidal silica, silicon nitride, silicon carbide, graphite, polishing granule such as diamond, 
or a granule liquid having these granules and oxidizing agent such as HgOg or KI0 3 or alkali solution such as NaOH, 
KOH or the like mixed therewith. 

[0069] Smoothing or smoothening steps can be omitted. Of course, in the case of polishing, mirror face polishing 

25 may be carried out or not only one side but also both sides may be mirror-face polished. 

[0070] In the present invention, when a P-type semiconductor wafer is employed as a first wafer in particular, as 
shown in FIG. 2, a first semiconductor wafer such as an SOI wafer is prepared (step S5) in separation step S4; the 
separated P-type semiconductor wafer is smoothed, a P* layer or an N layer and the like is epitaxially grown (step S6) 
on its surface; and then an epitaxial wafer having a P" layer or an N layer and the like formed on a P-type semiconductor 

30 wafer can be prepared (step S7). In particular, as a P-type semiconductor wafer, a high concentration P-type semi- 
conductor wafer is preferably employed. This is because, as described later, in particular, the form of P" epitaxial/P + 
substrate is the most widely employed among the currently employed wafer. Epitaxial growth treatment may be applied 
after the surface of the first wafer after peeling has been once smoothened. This epitaxial growth treatment can be 
applied after only rinsing after peeling without applying polishing, etching, or heat treatment. 

35 [0071] When an epitaxial semiconductor layer is formed on a high condensed P-type semiconductor wafer as a first 
wafer, and is employed, as shown in FIG. 3, a first semiconductor wafer such as an SOI wafer is prepared (step S5) 
in separation step S4. In addition, an epitaxial semiconductor layer remains on the separated high concentration P- 
type semiconductor wafer depending on a separation position. Thus, an epitaxial wafer can be prepared without newly 
causing epitaxial growth (step S7). For example, an epitaxial wafer having P~ epitaxial layer is completed on the P + 

40 substrate. That is, an epitaxial semiconductor layer is formed in step S1 , on which a separation layer is formed. Thus, 
unlike FIG. 2, there is no need for providing a new epitaxial semiconductor layer in step S6. In particular, a P-- (or N-) 
type first semiconductor layer is formed on the high concentration P-type semiconductor wafer, on which a second 
semiconductor layer is further formed : and the separation position is preferably provided inside of the first semicon- 
ductor layer. The high concentration P type has a boron concentration of 1 x 10 17 cm 3 to 1 x 10 20 cm" 3 and a specific 

45 resistance of 0.001 to 0.5 ohm.cm resistance. 

[0072] Making it porous for forming a separation layer is conditionally possible on a N-type semiconductor, and 
however, it is desirable to employ a P-type semiconductor. Unagami et al. studied Si solution reaction in anodization, 
and concluded that positive pores were required in anodization in HF solution (T Unagami, J. Electrochem. Soc., vol. 
127,476 (1980)). To make it porous, a high concentration P-type semiconductor wafer is preferably employed, and its 

50 impurities concentration range is generally from 5.0 x 10 16 /cm 3 to 5.0 X lO^/cm 3 , preferably 1 .0 X 10 17 /cm 3 to 2.0 X 
lO^/cm 3 , and more preferably, 5.0 x 10 17 /cm 3 to 1 .0 x lO^/cm 3 When a separation layer is formed by ion plantation, 
hydrogen, nitrogen, rare gas or the like (He, Ne, Ar or the like) is employed as an ion implantation species. At least 
one or more of them may be implanted. 

[0073] A temperature preferable to epitaxial growth is 500°C or above and below the melting point of a wafer-con- 
55 sisting material. When epitaxial growth is applied to a monocrystalline silicon wafer, the lower limit of temperature is 
600°C, more preferably 800°C, and the upper limit of the temperature is the melting point of the silicon, more preferably 
1 400°C, and further preferably 1 200°C. 

[0074] Epitaxial growth is carried out by CVD method or sputtering method, the preferable atmospheric pressure 
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may be atmospheric pressure or reduced pressure, should be below atmospheric pressure and 3.9 X 1 0" 4 Pa or more, 
or should be more preferably below atmospheric pressure and 1 .3 Pa or above. 

[0075] The treatment time preferable to epitaxial growth is not limited in particular, because it is selected according 
to a required film thickness. The realistic range is from 10 seconds to 10 hours. 

s [0076] As an atmospheric raw material gas for epitaxial growth, there is exemplified at least one gas selected from 
among silane or its analogous such as SIH 4 , SiCI 3 H, SiCl2H 2 , SiCI 4 , Si 2 H 6 , SiF 4 or the like. For the purpose of addition 
of impurities, acceptor-containing gas such as BgHe, BF 3 , BBr 3 or donor-containing gas such as PH 3 , AsH 3 or the like 
may be added thereto. Further, hydrochloric acid, chlorine or the like may be added to the above or hydrogen or rare 
gas may be added. In general, hydrogen gas is employed as a carrier gas. 

10 [0077] As described above, in one embodiment of the present invention, an SOI wafer is fabricated using a P* wafer 
preferable to make it porous as a first wafer, and an epitaxial layer is grown on the surface of the first wafer after peeling, 
and the epitaxial wafer is produced. The produced epitaxial wafer is preferable to produce integrated circuits such as 
memory, logic circuit, analog signal processing circuit, and analog-digital hybrid circuit or semiconductor functional 
elements such as CCD, solar cells or the like. In a single manufacturing process, both of the SOI wafer and epitaxial 

15 wafer can be manufactured, and comprehensive material cost can be reduced. 
[0078] Hereinafter, an epitaxial wafer will be described. 

[0079] In low power consumption and high-speed LSI technology (Realize Co., Ltd., P. 479 to P 483), as one of the 

substrate structures for reducing a digital noise, a P" epitaxial layer/P + substrate is exemplified. 

[0080] According to Section 5-1, Silicon Science (UCS Semiconductor Substrate Technical Study Society, Realize 

20 Co., Ltd.), when a MOS LSI is manufactured on an epitaxial wafer, most of the MOS LSI is employed in the P-type 
epitaxial/P + substrate structure. Thus, the most important factor for which the epitaxial wafer is employed is that a 
software error and a latch-up can be improved. In addition, in Section 5.4, the epitaxial wafer of the P-type epitaxial/ 
P+ substrate has its TDDB characteristics better than the CZ bulk Si wafer in insulation breakage characteristics of the 
MOS-structured oxide film, and there is a strong getting effect due to the region high in boron concentration in the 

2S substrate. 

[0081] In this section, the price of an epitaxial wafer is discussed. If the aperture of the wafer becomes large, the 
difference in price between the epitaxial wafer and the CZSi wafer becomes small. For a gigabit age, an ultra-high 
quality Si crystal is required. Further, there comes an age in which a large amount of epitaxial wafers are used for 
highly integrated MOS LSI such as DRAM due to an increase in price ratio (against epitaxial wafer price) of the CZ 

30 crystal which has a larger diameter. 

[0082] In the present invention, when a porous layer is formed as a separation layer, a high concentration P + wafer 
is desirably employed. When the separated high concentration p + wafer (semiconductor substrate) is utilized or diverted 
as a P"-epitaxial substrate without discarding it, one high-quality SOI wafer and one epitaxial wafer can be manufactured 
from these two wafers. In addition, as a wafer for manufacturing an SOI wafer, a new wafer can be always employed, 

35 and thus, the SOI wafer manufacturing efficiency can be increased. Therefore, a commercially advantageous semi- 
conductor production system can be constructed for mass-consumption of the above mentioned epitaxial wafer. 
[0083] When P* wafer is employed as a first wafer, a wafer preferable to produce the above mentioned integrated 
circuit or semiconductor functional element is formed merely by smoothing the surface without applying epitaxial growth 
treatment. Of course, when a higher quality layer is required for producing such integrated circuit or semiconductor 

*o functional element, an epitaxial layer may be further formed on the smoothed surface. When the separated first wafer 
(semiconductor substrate) is utilized or diverted, the price of this wafer is almost equal to or more inexpensive than 
the initial wafer. Further, if the wafer is highly value-added, it can be sold at a higher price, and thus, a commercially 
advantageous semiconductor production system can be constructed. 

[0084] Hereinafter, preferred embodiments of the present invention will be described in more detail with reference 
45 to the accompanying drawings. 

(Embodiment 1) 

[0085] FIGS. 4A to 4G are schematic views showing a wafer manufacturing process according to a First Embodiment 

50 of the present invention. 

[0086] First, as shown in FIG. 4 A, the surface of a first wafer 1 consisting of a bulk wafer such as a CZ silicon wafer, 
an FZ silicon wafer or the like is subjected to a nodization to make it porous, and a porous layer 4 is formed. 
[0087] Then, as shown in FIG. 4B, a non-porous layer 5 is formed on the porous layer 4 to form a first member. A 
method for forming the non-porous layer 5 includes hydrogen annealing to close the pores of the porous layer 4 so as 

55 to make it non-porous or forming a non-porous monocrystalline layer by epitaxial growth. In addition, the surface of 
the non-porous layer 5 is oxidized as required, thereby forming an insulating layer 6 on the non-porous layer 5. Instead 
of oxidization, the insulating layer 6 may be formed by CVD or sputtering and the like. In this embodiment, a porous 
layer 4 is employed as a separation layer. 
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[0088] As shown in FIG. 4C, the surface of an insulating layer 6 of the first wafer 1 and the surface of the second 
wafer 2 are bonded with each other to form a multilayer structure. 

[0089] The second wafer 2 may be a wafer on which a semiconductor is exposed or may have an insulating film 
formed on its surface. Alternatively, instead of the second wafer, an insulating light transmission substrate such as 

s quartz glass may be employed. Alternatively, a plastic-based flexible film may be employed. 

[0090] In this bonding, the surfaces of these wafers may be subjected to heat treatment in contact with each other 
at room temperature to increase bonding strength, and may be bonded with each other by anode bonding. Alternatively, 
heat treatment may be carried out at the same time as when they come into contact with each other. Further, in the 
bonding step, heat treatment or the like may be carried out while they are pressurized so as to come into closer contact 

to with each other. Heat treatment is preferably carried out in an oxidizing atmosphere or an inert gas atmosphere (Ng, 
Ar or the like). 

[0091] In addition, it is preferable to activate a bonding face in advance by applying plasma treatment using oxygen, 
nitrogen, silicon, hydrogen, rare gas or the like to at least either one of a pair of bonding faces. Further, a bonding layer 
may be intervened between these faces for bonding. 

15 [0092] As shown in FIG. 4D, at a separation layer (porous layer 4), a multilayer structure is separated by the afore- 
mentioned method (reference numerals 41 and 42 each designate a separated porous layer). A non-porous portion 
of the peeled first wafer 1 is maintained to a wafer shape, and a remaining portion 41 of the porous layer is provided 
on a separated face. On the other hand, a non-porous layer 5 transferred from the first wafer is provided on the second 
wafer 2 together with the insulating layer 6. A remaining portion 4B of the porous layer is provided on its separated 

20 face. On the drawing, although the separation position is drawn so as to be inside of the porous layer, of course, an 
interface between the first wafer 1 and the porous layer 4 or an interface between the non-porous layer 5 and the 
porous layer 4 may be at the separation position. This is the same in the subsequent embodiments. 
[0093] As shown in FIG. 4E, a remaining portion 42 of the porous layer is removed. When the thickness of the 
remaining portion 42 is relatively thick, a mixture liquid of fluoric acid, hydrogen peroxide, and alcohol is employed as 

25 an etchant, the remaining portion 42 is selectively removed by wet etching, and then, the surface is smoothened by 
hydrogen annealing. If the thickness of the remaining portion 42 is thin, the remaining portion 42 may be removed by 
hydrogen annealing without wet etching, and at the same time, smoothing treatment may be carried out. Thus, a highly 
value-added SOI wafer is obtained. The polishing or planing step may be added to the removing step of the remaining 
portion 42. 

30 [0094] In FIG. 4F, the remaining portion 41 on the wafer 1 (semiconductor substrate) after peeling is removed, 
smoothed, and smoothened by polishing, planing, wet etching, or hydrogen annealing and the like. Thus, a bulk wafer 
is obtained. Here, on the first wafer on which the remaining portion 41 has been merely removed, i.e., on which the 
remaining portion 41 has been removed without smoothing its surface, epitaxial growth (FIG. 4G) may be carried out 
for the surface smoothing step. 

3$ [0095] As shown in FIG. 4G, an epitaxial layer 7 consisting of a non-porous P-type monocry stall ine semiconductor 
may be formed by carrying out epitaxial growth treatment on the surface of the wafer 1 after peeling. Thus, an epitaxial 
wafer is obtained. That is, one SOI wafer (FIG. 4E) and one bulk wafer (FIG. 4F) or an epitaxial wafer (FIG. 4G) are 
obtained from two semiconductor wafers. In the present invention, this bulk wafer (epitaxial wafer) is employed for 
uses other than the aforementioned first and second wafers. For example, the wafer is used for fabricating a solar cell, 

40 is used as a dummy wafer or a monitor wafer, or is for sale as an epitaxial wafer. 

[0096] After separation, in the case where a separation layer remaining on the first or second wafer is very thin, there 
is almost no such layer, or there is no problem even if the layer remains, the step of removing the above remaining 
portion can be eliminated, which is the same in the subsequent embodiments. 

[0097] As has already been described, when a high concentration P-type semiconductor wafer is employed as a first 
45 wafer, the wafer is preferable to make it porous. The epitaxial wafer obtained in FIG. 4G is a wafer having an epitaxial 
layer (for example, p- layer) formed on the P + wafer. 

[0098] Here, prior to forming the non-porous layer 5 on the porous layer 4, at least one of the following steps (1 ) to 
(4) can be added. A series of steps may be performed in order of (1) -> (2) preferably, (1) -> (2) -» (3) or (1) -4 (2) -» 
(4) more preferably, and (1) (2) -> (3) -> (4) more preferably. 



50 



(1 ) Step of forming a protective layer on the wall of the pores 



[0099] A protective film such as oxide film or nitride film may be provided on the wall of the pores in a porous layer 
to prevent pores from becoming coarse due to heat treatment. For example, heat treatment (200*0 to 700°C) is carried 
55 out under an oxidizing atmosphere. An oxide film or the like formed on the surface of the porous layer may be removed, 
as required (for example, a surface is exposed to a liquid containing HF ). 
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(2) Hydrogen baking step 

[0100] A porous layer is subjected to heat treatment at 800°C to 1200°C in a reducing atmosphere containing hy- 
drogen, thereby sealing pores existing on the layer surface of the porous layer to some extent. 

5 

(3) Step of supplying a very small amount of raw material 

[0101] If pores cannot be sealed by the above hydrogen baking process, a small amount of raw material of the non- 
porous layer 5 is supplied, thereby further sealing pores on the layer surface. 
io [0102] Specifically, the supply of the raw material is adjusted so that the growth rate is 20 nm/min. or less, preferably 
10 nm,/min. or less, more preferably 2 nm/min. or less. 

(4) High-temperature baking step 

is [0103] Heat treatment is carried out at a temperature higher than a treatment temperature for the aforementioned 
hydrogen baking step and/or the step of supplying a small amount of raw material and under a hydrogen-containing 
reducing atmosphere, In this manner, more complete sealing and smoothing on the surface of the porous layer can 
be achieved. 

20 (Embodiment 2) 

[0104] FIGS. 5 A to 51 are schematic views showing a method for manufacturing a wafer according to a Second 
Embodiment of the present invention. 

[0105] First, as shown in FIG. 5A, a first wafer 1 consisting of a bulk wafer such as a CZ silicon wafer, an FZ silicon 
25 wafer or the like is provided; and a dopant-added monocrystall ine semiconductor layer 3 is formed on the top layer of 
the first wafer using a diffusion method or an ion implantation method. This monocrystalline semiconductor layer 3 is 
preferably a P + layer having a boron concentration of 1 x 10 17 cm 3 to 1 x 10 20 cm" 3 . 

[0106] Next, as shown in FIG. 5B, the surface of the monocrystalline semiconductor layer 3 of the first wafer 1 is 
subjected to anodization to make it porous, and a porous layer 4 is formed. At this time, it is preferable to make only 
30 the top layer of the monocrystalline semiconductor layer 3 porous so that a non-porous layer 10 remains below the 
porous layer 4 with a thickness of about 100 nm to 20 um. Thus, a region in which the boron concentration is strictly 
specified can be subjected to anodization, and an evenly porous face can be formed. 

[0107] Then, in FIG. 5C, a non-porous layer 5 is formed on a porous layer 4, and a first member is formed. A method 
for forming the non-porous layer 5 includes closing the pores in the porous layer 4 to make the top layer non-porous 
35 by hydrogen annealing or forming a non-porous monocrystalline layer by epitaxial growth. The surface of the non- 
porous layer 5 is oxidized as required to form an insulating layer 6 on the non-porous layer 5. Instead of heat oxidizing, 
the insulating layer 6 may be formed by CVD or sputtering and the like. In this embodiment, the porous layer 4 is 
employed as a separation layer. 

[0108] In FIG. 5D, the surface of the insulating layer 6 of the first wafer 1 and the surface of the second wafer 2 are 
40 bonded with each other to form a multilayer substrate. As a second wafer 2, a bulk wafer such as a CZ silicon wafer, 
an FZ silicon wafer or the like can be employed. The second wafer may be a wafer on which a semiconductor is exposed 
or may have an insulating layer formed on its surface. Alternatively, an insulating light transmission substrate such as 
quartz glass may be employed instead of the second wafer. 

[0109] In addition, it is preferable to activate in advance a bonding face by applying plasma treatment using oxygen, 
45 nitrogen, silicon, hydrogen, rare gas or the like to at least either one of a pair of bonding faces. Further, a bonding layer 
may be intervened between these laces. 

[0110] In FIG. 5E, at a separation layer (a porous layer 4), a multilayer structure is separated by the aforementioned 
method. The non-porous portion of the peeled first wafer is maintained to a wafer shape, and has a remaining portion 

41 of the porous layer on the separated face. On the other hand, the non-porous layer 5 transferred from the first wafer 
50 is provided on the second wafer 2 together with the insulating layer 6, and has a remaining portion 42 of the porous 

layer on its separated face. 

[0111] In FIG. 5F, a remaining portion 42 is removed. When the thickness of the remaining portion 42 is relatively 
thick, a mixture ol hydrofluoric acid, hydrogen peroxide, and alcohol is employed as an etchant, the remaining portion 

42 is selectively removed by wet etching, and then, the surface is smoothed by hydrogen annealing. When the thickness 
55 of the remaining portion 42 is thin, the remaining portion 42 may be removed by hydrogen annealing without wet 

etching, and at the same time, smoothing treatment may be carried out. Thus, a highly value-added SOI wafer is 
obtained. 

[0112] In FIG. 5G, the remaining portion 41 on the wafer 1 after peeling (semiconductor substrate) is removed by 
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polishing, planing, wet etching, hydrogen annealing or the like, and is smoothed. 

[0113] In addition, when a non-porous layer 10 is removed, a bulk wafer which is the same as the initial wafer is 
obtained (FIG. 5H). 

[011 4] Further, as shown in FIG. 51, after epitaxial growth treatment has been carried out on the surface of the wafer 
5 1 after peeling, an epitaxial layer 7 consisting of a non-porous P-type monocrystalline semiconductor is formed, and 
then an epitaxial wafer is obtained. That is, one SOI wafer and one bulk wafer (FIG. 5H) or epitaxial wafer (FIG. 51) 
are obtained from two wafers. The bulk wafer (epitaxial wafer) is employed for uses other than the fabrication of the 
SOI wafer shown in FIGS. 5A to 51. For example, the wafer is employed as an apparatus wafer for fabricating a solar 
cell, a MOS transistor or the like, is used as a monitor wafer or a dummy wafer, or is sold as a bulk wafer or an epitaxial 
10 wafer. 

(Embodiment 3) 

[0115] A method for manufacturing a wafer according to a Third Embodiment of the present invention is described 

is below by referring to FIGS. 5A to 51 again. 

[0116] First, as shown in FIG. 5A, a first wafer 1 consisting of a bulk wafer such as a CZ silicon wafer, an FZ silicon 
wafer or the like is provided; and a monocrystalline semiconductor layer 3 is formed on its surface by an epitaxial 
growth treatment. This monocrystalline semiconductor layer 3 is preferably a P+ layer having a boron concentration of 
1 x 10 17 cm^ 3 to 1 x 10 20 cm- 3 defining P-type conductivity. 

20 [0117] Next, as shown in FIG. 5B, the surface of the monocrystalline semiconductor layer 3 of the first wafer 1 is 
subjected to anodization to make it porous, and a porous layer 4 is formed. At this time, it is preferable to make only 
the top layer of the epitaxial layer 3 porous so that a non-porous epitaxial layer 10 remains below the porous layer 4 
with a thickness of about 100 nm to 20 urn. 

[01 18] Then, in FIG. 5C, a non-porous layer 5 is formed on a porous layer 4, and a first member is formed. A method 
25 for forming the non-porous layer 5 includes closing the pores in the porous layer 4 to make the top layer non-porous 
by hydrogen annealing or forming a non-porous monocrystalline layer by epitaxial growth. The surface of the non- 
porous layer 5 is oxidized as required to form an insulating layer 6 on the non-porous layer 5. Instead of heat oxidizing, 
the insulating layer 6 may be formed by CVD or sputtering and the like. In this embodiment, the porous layer 4 is 
employed as a separation layer. 

[0119] In FIG. 5D, the surface of the insulating layer 6 of the first wafer 1 and the surface of the second wafer 2 are 
bonded with each other to form a multi-layered substrate. A second wafer 2 consisting of a bulk wafer such as a CZ 
silicon wafer, an FZ silicon wafer or the like may be a wafer on which a semiconductor is exposed or may have an 
insulating layer formed on its surface. Alternatively, an insulating light transmission substrate such as quartz glass may 
be employed instead of the second wafer. During the bonding, these surfaces may be subjected to heat treatment in 
35 contact with each other at room temperature to increase bonding strength, and may be bonded by anode bonding. 
Alternatively, heat treatment may be carried out at the same time when these surfaces come into contact with each 
other. Further, in the bonding step, heat treatment or the like may be carried out while they are pressurized so as to 
come into closer contact with each other. 

[01 20] In addition, it is preferable to activate in advance a bonding face by applying plasma treatment using oxygen, 
40 nitrogen, silicon, hydrogen, rare gas or the like to at least either one of a pair of bonding faces. 
[0121] Further, a bonding layer may be intervened between these faces. 

[0122] In FIG. 5E, at a separation layer (a porous layer 4), a multilayer structure is separated by the aforementioned 
method. The non -porous portion of the peeled first wafer is maintained to a wafer shape, and has a remaining portion 

41 on the porous layer on the separated face. On the other hand, the non-porous layer transferred from the first wafer 
45 is provided on the second wafer 2 together with the insulating layer 6, and has a remaining portion 42 of the porous 

layer on its separated face. 

[0123] In FIG. 5F, a remaining portion 42 is removed. When the thickness of the remaining portion 42 is relatively 
thick, a mixture of hydrofluoric acid : hydrogen peroxide, and alcohol is employed as an etchant, the remaining portion 

42 is selectively removed by wet etching, and then, the surface is smoothed by hydrogen annealing. When the thickness 
50 of the remaining portion 42 is thin, the remaining portion 42 may be removed by hydrogen annealing without wet 

etching, and at the same time, smoothing treatment may be carried out. Thus, a highly value-added SOI wafer (FIG. 
5F) is obtained. 

[0124] In FIG. 5G, the remaining portion 41 on the wafer 1 after peeling (semiconductor substrate) is removed by 
polishing, wet etching, hydrogen annealing or the like, and is smoothened. At this time, the epitaxial layer 10 formed 
55 in FIG. 5A remains. When hydrogen annealing is applied in this state, the surface is smoothened. In addition, the 
concentration of boron contained is lowered by outward diffusion, and the layer 10 is formed as a P" type monocrystalline 
semiconductor layer. This is a wafer of the same quality as a so-called P~ epitaxial wafer. If there is no need for positively 
conducting outward diffusion, even if the surface is smoothed by polishing or short-time hydrogen annealing, a water 
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of the same quality as the P epitaxial wafer is formed. An epitaxial layer may be epitaxially grown on the layer 10. 
[0125] In addition, when the layer 10 is removed, a bulk wafer which is the same as the initial wafer is obtained (FIG. 
5H). 

[0126] Further, as shown in FIG. 51, after epitaxial growth treatment has been carried out on the surface of a wafer 
s 1 after peeling, an epitaxial layer 7 consisting of a non-porous P-type monocrystalline semiconductor is formed as an 
epitaxial wafer. That is, one SOI wafer and one epitaxial wafer or bulk wafer are obtained from two wafers. This non- 
SOI wafer is diverted or is sold for other use without being used for manufacturing an SOI wafer again. 
[0127] Hereinafter, an advantage in the case where one SOI wafer and one epitaxial wafer is fabricated from two 
silicon wafer will be described with reference to FIG. 15A to FIG. 15H. 
10 [0128] As shown in FIG. 1 5A, an epitaxial silicon layer 3 is formed on a bulk silicon substrate 1 . 

[01 29] Next, as shown in FIG. 1 5B, a part of the epitaxial layer 3 is subjected to anodization, thereby making it porous, 
and a porous layer (a separation layer) 4 is formed. Then, a non-porous monocrystalline silicon layer 5 being an active 
layer of the SOI wafer is formed on the porous layer 4 (FIG. 1 5C). Further, an oxide film 6 being a part of the insulating 
film of the SOI wafer is formed (FIG. 15D). At this time, as shown in the figure, an oxide film is also formed on the 
is surface of the silicon substrate 1 . A second silicon wafer 2 is bonded thereto (FIG. 1 5E). In this bonding, heat treatment 
may be carried out at an oxidizing atmosphere so that bonding force is strengthened, and the oxide film on the surface 
of the silicon substrate 1 can be thickened as well. Thereafter, the bonded substrates are separated (FIG. 15F), the 
remaining porous layers 41 and 42 are removed, thereby making it possible to obtain a SOI wafer (FIG. 15G) and an 
epitaxial wafer (FIG. 15H). 

20 [0130] In the process step, an epitaxial wafer for forming an apparatus is employed in order to prevent diffusion of 
impurities from the wafer to the outside while an oxide film being a back shield is attached to the surface, in particular, 
to the back face of the substrate. 

[0131] According to the aforementioned step, even if the step of forming a back shield discriminated from the other 

step is not provided, such back shield is formed in a series of the steps of fabricating the SOI wafer. Thus, an epitaxial 
25 wafer can be fabricated very effectively. 

[0132] In particular, the thickness of the back surface oxide film of the epitaxial wafer (FIG. 15H) obtained through 

a series of SOI wafer fabricating steps is preferably controlled to be 1 0 nm to 10pm, and more preferably 100 nm to 3pm. 

[0133] In FIGS. 1 5 A to 15H, a case in which anodization is employed to form a separation layer has been described. 

When an SOI wafer is fabricated utilizing a microbubble layer formed by ion implantation, an epitaxial wafer with a 
30 back shield can be obtained at the same time as the separation step by containing two oxidizing steps (the oxidizing 

step of forming a protective film on the surface of a silicon wafer prior to ion implantation and the oxidizing step for 

increasing bonding strength). 

(Embodiment 4) 

35 

[0134] FIGS. 6A to 6G are schematic views showing a wafer manufacturing method according to a Fourth Embod- 
iment of the present invention. 

[0135] First, in FIG. 6A, a first wafer consisting of a bulk wafer such as a CZ silicon wafer, an FZ silicon wafer or the 
like is provided. The surface of the first wafer is oxidized as required, thereby forming an insulating layer 6. Then, in 
40 FIG. 6B, an ion selected from hydrogen, nitrogen, and rare gas is implanted, a layer 14 containing fine cavities (micro 
bubbles or micro-cavities) being a separation layer is formed at a predetermined depth. Thus, a first member having 
a non-porous layer 5 of monocrystalline semiconductor is formed on the separation layer 14. 

[0136] In FIG. 6C, the surfaces of the insulating layer 6 of the first wafer 1 and the surface of the second wafer 2 are 
bonded with each other to form a multilayer structure. The second wafer may be a wafer on which a semiconductor is 

45 exposed, and may have an insulating film such as oxide film formed on its surface. Alternatively, an insulating light 
transmission substrate such as quartz glass may be employed instead of the second wafer. This bonding may be 
carried out at room temperature. During the bonding, these surfaces may be subjected to heat treatment in contact 
with each other at room temperature to increase bonding strength, and may be bonded by anode bonding. Alternatively 
heat treatment may be carried out at the same time when these surfaces come into contact with each other. Further, 

50 in the bonding step, heat treatment or the like may be carried out while they are pressurized so as to come into closer 
contact with each other. In addition, a bonding layer is intervened between these surfaces to be bonded. Further, it is 
also preferable to carry out plasma treatment using oxygen, nitrogen, silicon, hydrogen, rare gas or the like to at least 
one of a pair of bonding faces, thereby activating the bonding face in advance. 

[0137] As shown in FIG. 6D, at the separation layer 14, a multilayer structure is separated using the aforementioned 
5S method. In this method, when a temperature is set to 400°C or above during heat treatment in FIG. 6C, a separation 
phenomenon can occur at the same time as bonding. Preferably, the temperature ranges from 400°C to 600°C. 
[0138] The non -porous portion of the peeled first wafer is maintained to a wafer shape, and has a remaining portion 
141 of the separation layer 14 on the separated face. On the other hand, on the second wafer 2, the non-porous layer 
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5 transferred from the first wafer is provided together with an insulating layer 6, and has a remaining portion 1 42 of the 
separation layer 1 4 on the separated face. 

[0139] In FIG. 6E, the remaining portion 142 is removed. At this time, the portion may be polished at a low polishing 
rate, and then, may be subjected to hydrogen annealing. Alternatively, hydrogen annealing may be carried out without 
s polishing the remaining portion 1 42 to remove it, and at the same time, smoothing treatment may be carried out. Thus, 
a highly value-added SOI wafer is obtained. 

[0140] In FIG. 6F, the remaining portion 141 on the wafer 1 (semiconductor substrate) after peeling is removed by 
polishing, wet etching, hydrogen annealing or the like, and is smoothed. Thus, a bulk wafer is obtained. Further, as 
shown in FIG. 6G, epitaxial growth treatment may be carried out on the surface of the wafer 1 after peeling as required, 
io thereby forming an epitaxial layer 7 consisting of a non-porous P-type monocrystalline semiconductor. In this case, an 
epitaxial wafer is obtained. 

[0141] A high concentration P-type wafer is employed as a first wafer 1 , and P* monocrystalline layer is employed 
as an epitaxial layer 7, thereby forming a P* epitaxial/P + substrate shown in FIG. 6G. In FIG. 6E, when hydrogen 
annealing is carried out, the high concentration P+ layer 5 gives an SOI wafer (P~ layer) of low concentration by outward 
*s boron diffusion. The p- epitaxial/P+ substrate is diverted to various uses other than the aforementioned SOI wafer 
fabrication. 

(Embodiment 5) 



20 



[01 42] FIGS. 7A to 71 are schematic views showing a method for manufacturing a wafer according to a Fifth Embod- 
iment of the present invention. 
[0143] First, as shown in FIG. 7A, a first wafer t consisting of a bulk wafer such as a CZ silicon wafer, an FZ silicon 
wafer or the like is provided; and a monocrystalline semiconductor layer 3 is formed on the surface using an epitaxial 
growth treatment. 

25 [0144] Next, as shown in FIG. 7B, the surface of the epitaxial layer 3 of the first wafer 1 is oxidized as required, 
thereby forming an insulating layer 6 (FIG. 7B). Then, an ion selected from hydrogen, nitrogen, and rare gas is im- 
planted, so that a layer 14 containing fine cavities being a separation layer is formed at a predetermined depth. Thus, 
a non-porous layer 5 of monocrystalline semiconductor remains on the separation layer 14, thereby forming a first 
member (FIG. 7C). 

30 [0145] At this time, an ion is preferably implanted into the epitaxial layer 3 so that a non-porous epitaxial layer 10 
remains below the separation layer 14 with a thickness of about 10 nm to 20 um. 

[0146] In FIG. 7D, the surface of the insulating layer 6 of the first wafer 1 and the surface of the second wafer 2 are 
bonded with each other to form a multilayer substrate. A second wafer 2 being a second member consisting of a bulk 
wafer such as a CZ silicon wafer, an FZ silicon wafer or the like may be a wafer on which a semiconductor is exposed 

35 or may have an insulating layer formed on its surface Alternatively, an insulating light transmission substrate such as 
quartz glass may be employed instead of the first wafer. This bonding may be carried out at room temperature. During 
the bonding, heat treatment may be carried out while these surfaces come into contact with each other at room tem- 
perature to increase the bonding strength, and they may be bonded by anode bonding. Alternatively, heat treatment 
may be carried out at the same time when they come into contact with each other. Further, in the bonding step, heat 

40 treatment or the like may be carried out while these surfaces are pressurized to come into closer contact with each 
other. A bonding layer may be intervened between these surfaces to be bonded. In addition, it is preferable to activate 
in advance a bonding face by applying plasma treatment using oxygen, nitrogen, silicon, hydrogen, rare gas or the like 
to at least either one of a pair of bonding faces. 

[0147] In FIG. 7E, at a separation layer 1 4, a multilayer porous structure is separated by the aforementioned method. 
45 when a temperature is set to 400°C to 600°C at the time of heat treatment in step S43, a separation phenomenon will 
occur at the same time as bonding. 

[01 48] The peeled first wafer 1 is maintained to a wafer shape without a decrease in its thickness, and has a remaining 
portion 141 of the separation layer 14 on the separated face. On the other hand, the non-porous layer 5 transferred 
from the first wafer is provided on the second wafer 2 together with the insulating layer 6, and has a remaining portion 
50 142 of the separation layer 14 on its separated face. In FIG. 7F, a remaining portion 142 is removed. At this time, 
polishing may be conducted at a low polishing rate, and then hydrogen annealing may also be conducted. Alternatively 
hydrogen annealing may be conducted without polishing, and smoothing treatment may be conducted with removing 
the remaining portion 142. Thus, a highly value-added SOI wafer is obtained. 

[0149] In FIG. 7G, the remaining portion 141 on the wafer 1 after peeling (semiconductor substrate) is removed by 
polishing, wet etching, hydrogen annealing or the like, and is smoothed. At this time, the epitaxial layer 10 formed in 
FIG. 7C remains. When hydrogen annealing is applied in this state, the surface is smoothened. In addition, if the boron 
concentration is high, the concentration of boron contained is lowered by outward diffusion, and the layer 10 is formed 
as a P" type monocrystalline semiconductor layer. 
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[0150] In addition, when the epitaxial layer 10 is removed, a bulk wafer which is the same as the initial wafer is 
obtained (FIG. 7H). 

[0151] Further, as shown in FIG. 71, after epitaxial growth treatment has been carried out on the surface of a wafer 
1 after peeling, an epitaxial layer 7 consisting of a non-porous P-type monocrystalltne semiconductor may be formed. 

5 Thus, an epitaxial wafer is obtained. That is, one SOI wafer and one bulk wafer or epitaxial wafer are obtained from 
two wafers. In the present invention, the non-SOl wafer is employed for uses other than fabrication of the SOI wafer. 
[0152] A high concentration P-type wafer is employed as a first wafer 1 , and a P" monocrystalline layer is employed 
as an epitaxial layer 7, thereby causing a P" epitaxiaI/P + substrate to be formed in step S47. In step S45, when hydrogen 
annealing is carried out, the high concentration P + layer 5 gives an SOI wafer (Player) of low concentration by outward 

io boron diffusion. 

(Embodiment 6) 

[0153] As a first substrate, a semiconductor substrate such as a silicon wafer is employed. On the semiconductor 
is substrate, a semiconductor layer consisting of a material different from that of a hetero-epitaxially grown substrate is 
formed by CVD or molecular-beam epitaxial growth method. This semiconductor is SiGe or Ge. 
[0154] On the other hand, as a second substrate, a silicon wafer is employed. 

[0155] An insulating film such as an oxide film is formed on at least one of the surface of the semiconductor layer 
and/or the surface of the second substrate. 
20 [0156] The first and second substrates are bonded with each other, and a multilayer structure is obtained. 

[0157] In the thus obtained multilayer structure, a stress is concentrated on a hetero interface, i.e., an interface 
between the first substrate and the semiconductor layer, and thus, the multilayer structure is easily peeled at this 
interface. 

[0158] Therefore, when energy is applied for the above mentioned separation, it triggers separation of the multilayer 
25 structure, and the semiconductor layer is transferred onto the second substrate The separation face may be somewhat 
reeled, and smoothing is carried out as required. Thus, one SOI wafer and one silicon wafer (or epitaxial wafer if 
epitaxial growth is carried out thereon) can be obtained from two silicon wafers. The thus obtained silicon wafer is 
employed for uses other than the above mentioned step, whereby making it possible to employ always a new silicon 
wafer for SOI wafer fabrication. 

30 

(Embodiment 7) 

[0159] FIGS. 8A to 8G are schematic views showing a wafer manufacturing method according to a Seventh Embod- 
iment of the present invention. 

35 [0160] First, in FIG. 8A, a first wafer 1 consisting of a P-type silicon wafer is employed. Then, an epitaxial layer 31 
having its impurity concentration lower than the first wafer and an epitaxial layer 32 having its impurity concentration 
higher than the epitaxial layer 31 are formed by epitaxial growth. For a P-type silicon wafer, a high concentration P- 
type silicon wafer of 1 X 10 17 cm 3 to 1 x 10 20 cm 3 in boron concentration and 0 001 to 0.5 Q-cm in specific resistance 
is preferred. 

40 [0161] The impurity concentration of the epitaxial layer 32 is required to be higher than that of the epitaxial layer 31 . 
The specific resistance of the epitaxial layer 32 is set to be lower than that of the epitaxial layer 31. Specifically, the 
specific resistance of the epitaxial layer 31 is set to be 0.02 to 1 0,000 Q-cm, and more preferably 0. 1 to 1 00 Q-cm. The 
specific resistance of the epitaxial layer 32 is set to be 0.001 to 0.1 Q-cm, and more preferably 0.005 to 0.02 Q-cm. 
[0162] In FIG. 8B, the epitaxial semiconductor layer 32 and epitaxial layer 31 of the first wafer 1 is subjected to 

45 anodization partway, thereby making them porous, and a porous layer 4 is formed. Even if a current is constant during 
anodization, when epitaxial layers having their different impurity concentrations are thus employed, a porous layer 
having its different degree of porousness can be formed. In the porous layer 4, the porous portion of the epitaxial 
semiconductor layer 31 is more highly porous and more vulnerable than that of the semiconductor layer 32. At this 
time, the layer is made porous so that the non-porous layer 10 remains below the porous layer 4 with a thickness of 

50 100 nm to 20 urn. 

[0163] Hereinafter, forming an epitaxial layer having its different impurity concentration will be described in more 
detail. 

[0164] At least one of the composition, impurity concentration, and type of an epitaxially grown layer is changed, (in 
this embodiment, impurity concentration was changed), thereby forming a structure having two or more epitaxially 
55 grown layers. When a porous layer formed in such epitaxially grown layer is structured to be porous, the layer having 
two or more layers having their different structures, a separation position in the porous layer can be specified in the 
post-bonding separation step described later. 

[0165] It is desirable that a porous layer structure has a lowly porous layer on its surface side and a highly porous 
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layer therein. The lowly porous layer on the surface side is required to improve crystallinity of a non-porous monoc- 
rystalline layer to be formed later. The highly porous layer positioned therein is a layer that is mechanically vulnerable 
and that is preferentially separated mainly in the highly porous layer or at an interface between the highly porous layer 
and the adjacent layer in the separation step. 
s [0166] Prior to forming the porous layer, a layer having different composition, impurity concentration, type or the like 
from the above is formed in advance in an epitaxial ly grown layer, whereby at least the above mentioned lowly and 
highly porous layers can be formed without particularly changing the conditions for forming a porous layer during 
anodization for forming the porous layer. 

[0167] When a plurality of first substrates are disposed in an anodization solution to form a porous layer, a silicon 

10 wafer has been disposed on the anode side as a shield wafer in order to prevent the deposition of a metal ion eluted 
from the anode to the back side of the first substrate. When two or more porous layers are formed by changing a current 
density, a similar structure may be formed on the surface of a shield wafer. If such shield wafer is used n-times, a 2n- 
layered porous layer is formed in the shield wafer. The porous layer becomes extremely unstable. For example, a 
porous portion formed at the shield wafer has been peeled off at n + 1 times, and sometimes has diffused in a container. 

is In particular, when the lowly and highly porous layers are formed alternately, the mechanical strength is lowered more 
significantly than a case in which a porous layer having the same thickness is formed under constant forming conditions. 
That is, use of the shield wafer has been limited. However, according to the present invention, a two or more layered 
structure of the porous layer of the first substrate is determined depending on a structure of the epitaxially grown layer 
formed in advance on the surface of the first substrate. Thus, the density of current to be applied to the shield wafer 

20 can be made constant, and the service life of the shield wafer can be extended. 

[0168] A two or more layers may be provided for the structure of the porous layer. In particular, a highly porous layer 
may be formed for a second layer from the surface, and a second lowly porous layer may be formed thereunder. In 
this situation, even if a defect is introduced during separation, such defect in the porous layer can be removed in the 
subsequent step of removing the porous layer and the defect does not remain in the first substrate. Thus, when three 

25 or more layered structure of the porous layer is formed, a layer having its different composition, impurity concentration, 
and type, suitable to these porous layers, is formed in an epitaxially grown layer. 

[0169] Then, in FIG. 8C, a non -porous layer 5 is formed on a porous layer 4, and a first member is formed. A method 
for forming the non-porous layer 5 includes closing the pores of the porous layer 4 to make the top layer porous by 
hydrogen annealing or forming a non-porous monocrystalline layer by epitaxial growth. The surface of the non-porous 
30 layer 5 is oxidized as required, thereby forming an insulating layer 6 on the non-porous layer 5. Instead of heat oxidizing, 
the insulating layer 6 may be formed by CVD or sputtering and the like. In this embodiment a porous portion of the 
epitaxial semiconductor layer 31 is employed as a separation layer. 

[0170] In FIG. 8D } the surface of the insulating layer 6 of the first wafer 1 and the surface of the second wafer 2 are 
bonded with each other to form a multilayer structure. A second wafer 2 being a second member consisting of a bulk 
wafer such as a CZ silicon wafer, an FZ silicon wafer or the like is provided. The second wafer may be a wafer on 
which a semiconductor is exposed or may have an insulating film on its surface. Alternatively, an insulating light trans- 
mission substrate such as quartz glass may be employed instead of the second wafer. In bonding, these surfaces may 
be subjected to heat treatment at room temperature in contact with each other to increase bonding strength or may be 
bonded with each other by anode bonding. Alternatively, the surfaces may be subjected to heat treatment at the same 
40 time when they comes into contact with each other. Further, in the bonding step, heat treatment or the like may be 
carried out while they are pressurized so as to come into closer contact with each other. 

[0171] In addition, it is preferable to apply plasma treatment using oxygen, nitrogen, silicon, hydrogen, rare gas or 
the like to at least one of a pair of bonding faces, and activate in advance these bonding faces. Further, a bonding 
layer may be intervened between these surfaces to be bonded. 
45 [0172] In FIG. 8E, at the separation layer (porous portion of the epitaxial semiconductor layer 31 ), a multilayer struc- 
ture is separated by the aforementioned method. The non-porous portion of the peeled first wafer is maintained to a 
wafer shape, and has a remaining portion 41 of the porous layer on the separated face (a part of the porous portion 
of the epitaxial semiconductor layer 31 ) . On the other hand, on the second wafer 2, the non-porous layer 5 transferred 
from the first wafer is provided together with the insulating layer 6, and has a remaining portion 42 of the porous layer 
on its separated face (a part of the porous portion of the epitaxial layer 32 and the porous portion of the epitaxial 
semiconductor layer 31 ). 

[0173] In FIG. 8F, the remaining portion 42 is removed. When the thickness of the remaining portion 42 is relatively 
thick, a mixture of fluoric acid, hydrogen peroxide, and alcohol is employed as an etchant, and the remaining portion 
42 is removed by selectively conducting wet etching on it, and then, the surface is smoothed by hydrogen annealing. 
When thickness of the remaining portion 42 is thin, hydrogen annealing may be carried out without wet etching, and 
smoothing treatment may be carried at the same time when the remaining portion 42 is removed. Thus, a highly value- 
added SOI wafer is obtained. 

[0174] In FIG. 8G, the remaining portion 41 on the wafer 1 (a semiconductor substrate) after peeling is removed by 
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polishing/wet etching, and hydrogen annealing, and is smoothed. 

[0175] At this time, a non-porous layer (epitaxial layer) 10 remains on the water 1 , and an epitaxial wafer is obtained. 
When a wafer other than P-type silicon wafer is desired on a substrate beneath as an epitaxial wafer after separation, 
a desired silicon wafer (for example, P - or N type) can be employed. 

s [0176] In these steps, two or more epitaxial semiconductor layers 31 may be formed. For example, when the two 
epitaxial semiconductor layers are formed, epitaxial semiconductor layers 31' and 3V (31 in all) are formed in this 
order. The epitaxial semiconductor layers are made porous, which is carried out from the epitaxial semiconductor layer 
32 on the surface. Until at least monocrystalline semiconductor layer 31 * is made porous, the layers are made porous 
so that a part of the epitaxial semiconductor layer 31 * remains without being made porous. Therefore, when the layer 

io 31 1 is made porous part-way, the epitaxial semiconductor layer 31 \ porous layer 41* (a layer obtained by making part 
of the epitaxial semiconductor layer 3V porous), porous layer 41 " (a layer obtained by making the epitaxial semicon- 
ductor layer 31 " porous), and porous layer 42 (a layer obtained by making the monocrystalline semiconductor layer 
32 porous) are formed in that order from the first wafer 1 . In addition, when the interface between the monocrystalline 
semiconductor layer 31 ' and the monocrystalline semiconductor layer 31* is made porous, the porous layer 4V (a layer 

is obtained by making the single semiconductor layer 31 ' porous) does not exist. 

[Role of each layer] 

[0177] Epitaxial layer 32: A good-quality epitaxial layer (SOI) is formed on this porous layer. 
20 [0178] Epitaxial layer 3V: A remaining layer without being made porous becomes an epitaxial layer for a second 
semiconductor substrate. 

[0179] Epitaxial layer 31": Separation is conducted inside of the thus formed porous layer or at a upper- or lower- 
interface thereof 

[0180] In FIG. 8G, the remaining portion 41 on the wafer 1 (semiconductor substrate) after peeling is removed by 
25 polishing, wet etching, hydrogen annealing or the like, and is smoothed. At this time, the epitaxial layer 10 (original 
monocrystalline semiconductor layer 31 ) formed in FIG. 8 A remains. When hydrogen annealing is applied in this state, 
the surface is smoothed. When the concentration of boron contained is higher than a desired concentration, the boron 
concentration is lowered by outward diffusion, and the layer 10 is formed as a P - type monocrystalline semiconductor 
layer. 

30 [0181] This is a wafer of the same quality as a so-called P* epitaxial wafer. The boron concentration of this layer is 
substantially equal to that of the initial epitaxial semiconductor layer 31 . This layer is made porous in a region close to 
the surface (porous layer 42), and acts as a separation layer. Thus, there is a possibility that the boron concentration 
thereof does not match with that for a P - epitaxial wafer. In this case, as described above, two or more epitaxial sem- 
iconductor layers 31 having different boron concentrations are arranged, whereby these layers may be formed by being 

35 divided into a layer (31") having its optimum boron concentration to make it porous for separation and a layer (31*) 
having its optimum boron concentration for a P - epitaxial wafer. If there is no need for positively conducting outward 
diffusion, even if the surface is smoothed by polishing or short-time hydrogen annealing, a wafer of the same quality 
as the P" epitaxial wafer is formed. Thus, one SOI wafer and one epitaxial wafer that are highly value-added are 
obtained from two wafers. This epitaxial wafer is diverted or is sold as a wafer employed for various uses other than 

^o being used for manufacturing an SOI wafer, whereby an economically advantageous SOI wafer manufacturing process 
can be constructed. Moreover, it is possible to manufacture an SOI wafer using a new wafer all the time, and thus, its 
production efficiency is increased. 

(Embodiment 8) 

45 

[0182] FIGS. 9 A to 9G are schematic views showing a method for manufacturing a wafer according to an Eighth 
Embodiment of the present invention. 

[0183] First, in FIG. 9A, a first wafer 1 consisting of a P-type silicon wafer is provided, and an epitaxial layer 31 of a 
first specific resistance of a first conductive type (for example P*) and an epitaxial layer 32 of a second specific resistance 

50 of a second conductive type (for example, 'n') are formed on its surface by epitaxial growth. In this embodiment, an 
epitaxial layer 32 is formed as an active layer on the SOI wafer, and an epitaxial layer 31 is formed as an active layer 
on the epitaxial wafer. The respective active layers can be fabricated by epitaxial growth of a series of steps. The 
epitaxial layers 31 and 32 may be of the same conductive type (P type or N type), and the specific resistance may be 
the same without being changed in particular (that is, a single epitaxial layer may be formed). The monocrystalline 

55 semiconductor layers 31 and 32 are finally formed as an epitaxial wafer and a surface semiconductor layer of a wafer 
such as SOI, and thus, the conductive type and concentration of impurities are preferably optimized for respective 
uses. As a first wafer, a high concentration P-type silicon wafer is preferably employed. 

[0184] In FIG. 9B, the surface of the epitaxial layer 32 of the first wafer is thermally oxidized etc., thereby forming 
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an insulating layer 6 (FIG. 9C). Next, an ion selected from hydrogen, nitrogen, or rare gas is implanted, and a layer 1 4 
containing fine cavities being a separation layer at a predetermined depth is formed. The position of the separation 
layer is specified so that at least a part (non-porous layer 5) of the monocrystalline semiconductor 32 remains on the 
separation layer 14, and further, at least a part (non-porous layer 10) of the monocrystalline semiconductor 31 remains 
s below the separation 14. Thus, a first member is formed. 

[0185] At this time, it is preferable to implant an ion into the epitaxial layer 31 and/or the epitaxial layer 32 so that a 
non-porous epitaxial layer 10 (a part of the epitaxial layer 31) remains below the separation layer 14 with a thickness 
of 1 0 nm to 20 um Here, there is shown a case in which a separation layer 1 4 is formed so that the interface between 
the epitaxial layers 31 and 32 exists in the separation layer 14 (that is, in such a manner that a separation layer is 
10 formed between the epitaxial layers 31 and 32). 

[0186] In FIG. 9D, the surface of the insulating layer 6 of the first wafer 1 and the surface of the second wafer 2 are 
bonded with each other to form a multilayer structure. A second wafer being a second member consisting of a bulk 
wafer such as a CZ silicon wafer, an FZ silicon wafer or the like may be a wafer on which a semiconductor is exposed 
or may have an insulating film on its surface. Alternatively, an insulating light transmission substrate such as quartz 
15 glass may be employed instead of the first wafer. These surface may be bonded with each other at room temperature. 
In bonding, the surfaces may be subjected to heat treatment in contact with each other at room temperature to increase 
bonding strength or may be bonded with each other by anode bonding. Alternatively, heat treatment may be carried 
out at the same time when these surfaces come into contact with each other. Further, in the bonding step, heat treatment 
or the like may be carried out while the surfaces are pressurized so as to come into closer contact with each other. In 
addition, a bonding layer is intervened between these surface to be bonded. In addition, it is preferable to apply plasma 
treatment using oxygen, nitrogen, silicon, hydrogen, rare gas or the like to at least either one of a pair of bonding faces, 
and activate the bonding face in advance. 

[0187] In FIG. 9E, at the separation layer 14, a multilayer structure is separated by the aforementioned method. In 
the method of this example, when a temperature is set to 400°C or above and preferably 400°C to 600°C during heat 

25 treatment shown in FIG. 9D, a separation phenomenon may occur at the same time as bonding. 

[0188] The peeled first wafer 1 is maintained to a wafer shape without a decrease in thickness, and has a remaining 
portion 141 of the separation layer 14 on the separated face. On the other hand, on the second wafer, a non-porous 
layer 5 transferred from the first wafer is provided together with an insulating layer 6, and has a remaining portion 142 
of the separation layer 14 on its separated face. In FIG. 9F, the remaining portion 142 is removed. The remaining 

3o portion 141 is removed by polishing, wet etching, hydrogen annealing or the like, and is smoothed. Thus, a highly 
value-added SOI wafer is obtained. 

[0189] In FIG. 9F, the remaining portion 142 is removed. At this time, the remaining portion may be polished at a low 
polishing rate, and then, may be subjected to hydrogen-annealing. Alternatively, hydrogen annealing may be carried 
out without polishing, and smoothing treatment may be carried out at the same time when the remaining portion 142 

55 is removed. Thus, a highly value-added SOI wafer is obtained. 

[0190] In FIG. 9G, the remaining portion 141 on the wafer 1 (semiconductor substrate) after peeling is removed by 
polishing, wet etching, hydrogen annealing or the like, and is smoothed. At this time, the epitaxial layer 10 formed in 
FIG. 9A remains When hydrogen annealing is applied in this state, the surface is smoothed, and the concentration of 
boron contained is lowered by outward diffusion, thereby making it possible to employ the layer 10 as a P" type monoc- 

40 rystalline semiconductor layer. Thus, one SOI wafer and one epitaxial wafer (for example, a wafer on which a P- epitaxial 
layer is formed on a P + substrate) can be obtained from two wafers. 

[0191] Hereinafter, a manufacturing system (a manufacturing plant) suitable to implement the manufacturing meth- 
ods of the above embodiments 7 and 8 will be described. 

[0192] FIG. 1 3 is a schematic view illustrating an example of the manufacturing system. The manufacturing system 
45 of FIG. 1 3 is merely different from a part of the manufacturing system of FIGS. 6A to 6G, and thus elements identical 
to those of FIGS. 6A to 6G are designated by the same reference numerals, a description there of will be omitted here. 
[0193] The manufacturing system of FIG. 13 is different from that of FIGS. 6A to 6G in that an epitaxial layer is formed 
on a first substrate (wafer) 1 , and then, is sent toa group of processing apparatuses 51 having an anodization apparatus, 
an epitaxial growth apparatus, an ion implanting apparatus, an oxidizing apparatus or the like, i.e., when the peeled 
50 first substrate is smoothed at a group of apparatuses 54, the epitaxial wafer 21 is completed (that is, there is no need 
for performing new epitaxial growth to form an epitaxial layer). 

(Manufacturing System) 

55 [0194] Hereinafter, a manufacturing system (a manufacturing plant) suitable to implement a wafer manufacturing 
method of the present invention will be described. 

[0195] FIG. 10 is a schematic view illustrating an example of the manufacturing system. As shown in the figure, a 
first substrate (wafer) 1 is sent to a group of processing apparatuses 51 having an anodization apparatus, an epitaxial 
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growth apparatus,- an ion implanting apparatus, an oxidizing apparatus or the like, and the aforementioned step S2 
or the like is implemented. 

[0196] The first substrate 1 having a separation layer formed thereon is sent to a group of bonding apparatuses 52, 
and is bonded with a second substrate (wafer) 2 therein, and a multilayer structure is obtained. 

s [0197] The multilayer structure is sent to a group of separation apparatuses 53 containing at least a water jet appa- 
ratus, a teat treatment apparatus, a wedge inserting apparatus or the like, and is separated therein. 
[0198] The second substrate after peeling is sent to a group of separation-layer-removing and surface-smoothing 
apparatuses 54 containing an etching apparatus, a polishing apparatus, a heat treatment apparatus or the like. Then, 
the substrate is subjected to treatment, and an SOI wafer 20 is completed. 

10 [0199] On the other hand, the peeled first substrate is smoothed in a group of apparatuses 54 and is completed as 
a bulk wafer, or is sent to an epitaxial growth apparatus 55. Then, epitaxial growth treatment is applied, and an epitaxial 
wafer 21 is completed.' Of course, in the processing apparatuses 51 , when epitaxial growth is conducted on the first 
substrate 1 , an epitaxial wafer is obtained at the same time as when it is separated, thus making it possible to disuse 
the epitaxial growth apparatus 55. 

is [0200] These SOI wafer 20 and epitaxial wafer 21 (or bulk wafer) are sent to a group of inspection and analysis 
apparatuses 56; film thickness distribution, foreign particle density, and defect density or the like are measured; and 
the wafer is packed in a group of shipment packing apparatuses 57, and is then shipped. The epitaxial wafer 21 is 
diverted or sold as a wafer for other various uses other than being used as a first substrate 1 or a second substrate 2. 
Reference numeral 58 designates a maintenance area; and reference numeral 59 designates a clean area for con- 

20 veying a wafer. Thus, two wafers are employed, and one SOI wafer and one epitaxial wafer (or bulk wafer) can be 
fabricated. A new wafer can always be employed for manufacture of SOI wafers. An efficient semiconductor manufac- 
turing process can be constructed by diverting a wafer for another uses and selling the wafer that has been conven- 
tionally re-utilized in the same process or discarded. 

[0201] FIG. 11 is a view showing a partial modification of a system of FIG. 10, wherein the obtained SOI wafer 20 

2S and epitaxial wafer 21 (or a bulk wafer) are separately inspected so as to be packed. 

[0202] In this case, when the epitaxial wafer 21 is required to have the same quality as the obtained SOI wafer 20, 
the epitaxial wafer 21 (or a bulk wafer) is not used as a first substrate 1 or a second substrate 2 again. Thus, one SOI 
wafer and one epitaxial wafer can be manufactured from two wafers, and a manufacturing process with its efficient 
wafer utility can be constructed. 

30 [0203] FIG. 1 2 is a flowchart of the inspection step for determining use to which a first wafer after peeling is diverted. 
[0204] As shown in FIG. 12, a foreign matter on the surface of the wafer after peeling is first measured (step S50). 
When a surface foreign matter is not measured or is below a standard value, surface roughness is then measured 
based on a first standard (low standard) (step S51 ). When the first standard of the surface roughness is met, the surface 
roughness is measured based on a second standard (a standard higher than the first standard) (step S52). When the 

3S second standard of the surface roughness is met, edge portion judgment is performed (step S53). If there is no problem 
with an edge portion, the first wafer is produced, and is employed as an apparatus water, an epitaxial wafer, or a high- 
quality dummy wafer (step S54). 

[0205] When the surface foreign matter exceeds the standard value in step S50 or when surface roughness does 
not meet the first standard in step S51, surface re-treatment such as re-washing, re-polishing or the like is performed 
40 (step S55). After the surface re-treatment, the wafer is inspected again in the steps S50 to S54 or is employed as a 
dummy wafer if required (step S56). In addition, if the surface roughness does not meet the second standard in step 
S52, the wafer is employed as a dummy wafer (step S56). 

[0206] If there is a problem with edge judgment in step S53, edge re-treatment such as edge polishing is performed 
(step S57). The wafer in which no specification for edge is required is produced as it is, and is employed as an apparatus 
45 wafer, a epitaxial wafer, or a high-quality dummy wafer (step S54). 

[0207] Hereinafter, a manufacturing system (a manufacturing plant) suitable to implement the manufacturing meth- 
ods of the above embodiments 7 and 8 will be described. 

[0208] FIG. 1 3 is a schematic view illustrating an example of the manufacturing system. The manufacturing system 
of FIG. 13 is partially different from that of FIG. 10, and thus elements identical to those of FIG. 10 are designated by 

50 the same reference numerals, and a description thereof is omitted. 

[0209] The manufacturing system of FIG. 13 is different from that of FIG. 10 in that an epitaxial layer is formed on a 
first substrate (wafer) 1, and then, is sent to a group of processing apparatuses 51 having an anodization apparatus, 
an epitaxial growth apparatus, an ion implanting apparatus, an oxidizing apparatus or the like; i.e., when the peeled 
first substrate is smoothed in a group of apparatuses 54, an epitaxial wafer 21 is completed (that is, there is no need 

55 for perform new epitaxial growth to form an epitaxial layer). 

[0210] FIG. 1 4 is a view showing a partial modification of the system of the FIG. 1 3, wherein the obtained SOI wafer 
20 and the epitaxial wafer 21 (or a bulk wafer) are separately inspected, and packed. The manufacturing system of 
FIG. 14 is partially different from that of FIG. 11. The manufacturing system of FIG. 14 is different from that of FIG. 11 
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in that an epitaxial layer is formed on the first substrate (wafer) 1 , and then, is sent to a group of processing apparatuses 
51 having an anodization apparatus, and an epitaxial growth apparatus, an ion implanting apparatus, and an oxidizing 
apparatus or the like; i.e., when the peeled first substrate is smoothed in a group of apparatuses 54, the epitaxial wafer 
21 is completed (that is, there is no need for performing epitaxial growth to form an epitaxial layer. 
[0211] The inspection step for determining use to'which a first wafer after peeling is diverted is the same as the 
flowchart shown in FIG. 12. 

[0212] Now, the present invention will be described by way of examples. 

[0213] In the following examples, it is noted that 80 Torr is equivalent to about 1.07 x 10 4 Pa expressed in the SI 
unit system. Similarly, 760 Torr is equivalent to about 1.01 X 10 5 Pa, 0.5 l/min. is equivalent to about 0.0083 L/S, 180 
l/min. is equivalent to 3 L/S, and 0.2 l/min. is equivalent to about 0.0033 L/S. 

(Example 1) 
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[0214] A first p-type monocrystalline Si substrate showing a specific resistance between 0.01 and 0.02 Q-cm was 
anodized in an HF solution. 

[0215] The conditions of the anodization are listed below. 



current density 


| 7 (mA-cm 2 ) 


anodizing solution 


| HF:H 2 0:C 2 H 5 OH = 1: 1: 1 


time 


! 11 (minutes) 


thickness of porous Si 


| 12 (urn) 



[0216] The porous Si was also used as a separation layer for forming a high quality epitaxial Si layer. Therefore, it 
was a multi-functional layer. Note that the thickness of the porous Si layer may have a value selected from a range 
between 0. 1 and 60O jim. 

[0217] The substrate was then oxidized for an hour in an oxygen atmosphere at 400 °C. As a result of oxidation, the 
inner walls of the pores of the porous Si layer were covered by thermally oxidized film. Then, monocrystalline Si was 
made to epitaxially grow to a thickness of 0.3 u.m. The conditions of the epitaxial growth are fisted below. Note that the 
above described hydrogen baking process, the process of supplying a small amount of raw material and the high 
temperature baking process may be conducted prior to the process of growing monocrystaHine Si. 



source gas 


SiH 2 Cl2 / H 2 


gas flow rate 


0.5/ 180 l/min. 


gas pressure 


80 Torr 


temperature 


gso°c 


growth rate 


0. 15 jim / min. 



[0218] Then, a 100nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0219] Thereafter, a silicon wafer having the same diameter from the surface of which the native oxide film had been 
removed was brought into contact with the silicon wafer and bonded together by heat treatment to produce a multilayer 
structure. 

[0220] A wedge of a rigid material was driven into the multilayer structure from a lateral side thereof to peel the 
multilayer structure and remove the first substrate from the multilayer structure. As a result of the peeling, the epitaxial 
layer was transferred onto the second substrate. 

[0221] The porous layer remaining on the epitaxial layer was removed by wet etching and the second substrate was 
subjected to a hydrogen annealing process to obtain an SOI wafer. Then, a fully depletion type thin film transistor was 
prepared by using the SOI wafer. 

[0222] On the other hand, the exposed surface of the peeled first substrate was polished to remove the residual 
porous layer and smoothed to obtain a bulk wafer, which was then used to prepare a CMOS logic circuit. 
[0223] It was also possible to prepare a solar cell by using the obtained bulk wafer in a manner as described below 
[0224] Firstly, after forming a porous layer 4 by anodization, an epitaxial layer 5 was made to grow as shown in FIG. 
16 A. 

[0225] More specifically, the epitaxial growth of the semiconductor film 5 was conducted in a manner as described 
below. A first semiconductor layer 503 of p + Si was formed by epitaxial growth in an atmospheric pressure Si epitaxial 
growth system, using SiH 4 gas and B 2 H 6 gas to dope the p + Si of the first semiconductor layer 503 with boron B for 3 
minutes to obtain a boron concentration of 10 19 atoms/cm 3 . Then, a second semiconductor layer 502 was formed in 
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the same system by altering the E^Hg gas flow rate to dope the p* Si of the second semiconductor layer 502 with boron 
B for 10 minutes to get a low boron concentration of 10 16 atoms/cm 3 . Thereafter, a third semiconductor layer 501 was 
formed on the p" epitaxial semiconductor layer 502 also by epitaxial growth using PH 3 gas in place of B2H 6 gas to dope 
the n + Si of the third semiconductor layer 501 with phosphor for 4 minutes to get a high phosphor concentration of 1 0 1 9 
5 atoms/cm 3 . Thus, the obtained semiconductor film 5 of the first through third epitaxial semiconductor layers 50 1 through 
503 showed a p + / p- / n + structure. 

[0226] Then, in this example, a transparent Si0 2 insulating film 80 was formed on the semiconductor film 5 by surface 
thermal oxidation and subjected to a pattern etching operation using a photolithography technique to make it contact 
with electrodes or wires 81. The wires 81 were arranged with required intervals to extend in parallel with each other 

10 as so many stripes in a direction perpendicular to the drawing. 

[0227] Each of the electrodes or the wires 81 was made of a metal film prepared as multilayer film by sequentially 
depositing 71 film, a Pd film and an Ag to respective thicknesses of 30nm, 50nm and 100nm by evaporation and there- 
after plating the surface with Ag. The obtained multilayer film was then annealed at 400 °C for 20 to 30 minutes. 
[0228] Then, a metal wire conductor 82 was bonded to the surface of each of the stripe-shaped electrodes or the 

is wires 81 to extend along the corresponding wire 81 and a transparent substrate 83 was bonded onto the conductors 
82. The conductors 82 may be bonded to the electrodes or the wires 81 by soldering. The conductors 82 were extended 
externally at an end thereof beyond the electrodes or the wires 81 . 

[0229] Thereafter, the bulk wafer 1 and the transparent substrate 83 were subjected to external force trying to sep- 
arate them from each other. Then, they were separated along the porous layer 4 to produce a thin film semiconductor 
20 86 comprising a transparent substrate 83 and an epitaxial semiconductor film 5 bonded onto the surface of the substrate 
83. 

[0230] While the porous layer 41 was partly left on the rear surface of the thin film semiconductor 86, silver paste 
was applied thereon and a metal plate was bonded thereto to produce a rear surface electrode 85 there. Thus, a solar 
cell comprising a transparent substrate 83 and a thin film semiconductor 86 having ap + /p*/n + structure was prepared 
25 (FIG. 16C). The metal electrode 85 operates also as a device protection film layer protecting the rear surface of the 
solar cell. 

[0231] Note that the porous layer 4 may be made to have a multilayer structure of layers with different porosities as 
shown in FIG. 16D. 

[0232] For instance, the layer 401 may have a low porosity (to produce a high quality epitaxial film) and the layers 
30 402 and 404 may be made to show a porosity higher than that of the layer 401 , while the layer 403 may be made to 
show the highest porosity of all. 

[0233] With such an arrangement, the bulk wafer 1 and the transparent substrate 83 can be separated effectively 
along the high porosity layer 403. Layers with different porosities can be formed by controlling the current density during 
the process of forming the porous layer. 

35 

(Example 2) 

[0234] A first p-type monocrystalline Si substrate showing a specific resistance between 0.01 and 0.02 Q-cm was 
anodized in an HF solution. 
40 [0235] The conditions of the anodization are listed below. 



current density 


7 (mA-cnrr 2 ) 


anodizing solution 


HF:H 2 0:C 2 H 5 OH = 1:1:1 


time 


5 (minutes) 


thickness of porous Si 


5.5 (urn) I 


current density 


30 (mA-cnrr 2 ) 


anodizing solution 


HF:H 2 0:C 2 H 5 OH = 1:1:1 


time 


10 (seconds) 


thickness of porous Si 


0.2 (jim) 



[0236] Of the two porous Si layers, the upper one prepared by anodization, using a low current density, was used 
to form a high quality epitaxial Si layer, whereas the lower one prepared by anodization, using a high current density, 
was used as a separation layer. Therefore, they have their respective functions. 
& [0237] Note that the thickness of the low current density porous Si layer may have a value selected from a range 
between 0. 1 and 600 u.m. Also note that one or more than one additional layers may be formed after forming the second 
porous Si layer. 

[0238] The substrate was then oxidized for an hour in an oxygen atmosphere at 400 °C. As a result of oxidation, the 



21 



ISDOC1D: <EP 1006567A2_I_> 



EP 1 006 567 A2 



inner walls of the pores of the porous Si layers were covered by thermally oxidized film. Then, monocrystalline Si was 
made to epitaxially grow to a thickness of 0.3 fim by means of CVD. The conditions of the epitaxial growth are listed 
below. Note that the above described hydrogen baking process, the process of supplying a small amount of raw material 
and the high temperature baking process may be conducted prior to the process of growing monocrystalline Si. 



source gas 


SiH 2 Cl2/H 2 


gas flow rate 


0.5/ 180 1 /min. 


gas pressure 


80Torr 


temperature 


950 °C 


growth rate 


0.3 u/n/ min. 



[0239] Then, a 200nm thick S0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0240] Thereafter, a silicon wafer having the same diameter from the surface of which the native oxide film had been 
1S removed was brought into contact with the silicon wafer and bonded together by heat treatment to produce a multilayer 
structure. 

[0241] Water was blown onto a lateral side of the multilayer structure under high pressure by means of a water jet 
apparatus to make it driven into the multilayer structure like a wedge to peei the multilayer structure and remove the 
first substrate from the multilayer structure. 
20 [0242] As a result of the peeling, the epitaxial layer was transferred onto the second substrate. 

[0243] The porous layer remaining on the epitaxial layer was removed by wet etching and the second substrate was 
subjected to a hydrogen annealing process to obtain an SOI wafer. Then, a fully depletion type thin film transistor was 
prepared by using the SOI wafer. 

[0244] On the other hand, the exposed surface of the peeled first substrate was polished to remove the residual 
25 porous layer and smoothed. Then, the first substrate was subjected to an epitaxial growth process to obtain an epitaxial 
wafer having a p- epitaxial layer on the high concentration p-type substrate. It was found that a 600 nm thick oxide film 
had been formed on the wafer back surface as back shield. When an epitaxial wafer is used for preparing a device, a 
surface oxide film is formed on the surface opposite to the epitaxial layer and also on the lateral surfaces as a back 
shield in order prevent impurities from externally diffusing from the wafer. 
30 [0245] However, since a back shield had been formed on the rear surface opposite to the epitaxial layer and also on 
the lateral surface of the second substrate when the multilayer structure was peeled, the process of forming a back 
shield could be omitted from the device preparing process of the example. This was because such a back shield was 
formed on the rear surface and the lateral surfaces of the wafer in the step of oxidizing the surface of the epitaxial layer 
preceding the bonding step and during the heat treatment of the bonding step. A similar effect of forming a back shield 
35 was observed in the remaining examples. Note that the oxide film has a film thickness of 10 nm to 10 uin, preferably 
100 nm to 3 jam. 

[0246] Thereafter, the epitaxial wafer was used to prepare a CMOS logic circuit. 

[0247] A DRAM and other devices were formed on the epitaxial wafer to prove that it was useful for improving the 
quality, the yield and the reliability of manufacturing devices. 
40 [0248] The operation of epitaxial growth on the porous Si and that of epitaxial growth on the first substrate after the 
separation process may be conducted by means of the same CVD system to improve the operating efficiency of the 
CVD system that is costly in any sense of the word. 

(Example 3) 

45 

[0249] P-type monocrystalline Si showing a specific resistance of 0.01 5 Q cm was formed on a first monocrystalline 
Si substrate to a thickness of 15 by epitaxial growth, using a CVD technique and then anodized from the surface 
of the substrate in an HF solution. 

[0250] The conditions of the anodization are listed below. 



current density 


| 7 (mAcnr 2 ) 


anodizing solution 


| HF:H 2 0:C 2 H 5 OH= 1: 1: 1 


time 


| 11 (minutes) 


thickness of porous Si 


12 (Mm) 


current density 


| 22 (mA-cm-2) 


anodizing solution 


\ HF:H 2 0:C 2 H 5 OH = 1: 1: 1 


time 


2 (minutes) 
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(continued) 



| thickness ol porous Si I 3 (nm) 



10 



15 



20 



25 



30 



35 



[0251] Of the two porous Si layers, the upper one prepared by anodization, using a low current density, was used 
to form a high quality epitaxial Si layer, whereas the lower one prepared by anodization, using a high current density, 
was used as a separation layer. Therefore, they have their respective functions. 

[02S2] The substrate was then oxidized for an hour in an oxygen atmosphere at 400 °C. As a result of oxidation, the 
inner walls of the pores of the porous Si layers were covered by thermally oxidized film. Then, monocrystalline Si was 
made to epitaxially grow to a thickness of 0.3 urn by means of CVD. The conditions of the epitaxial growth are listed 
below. Note that the above described hydrogen baking process, the process of supplying a small amount of raw material 
and the high temperature baking process may be conducted prior to the process of growing monocrystalline Si. 



source gas 


SiH 2 CI 2 / H 2 


gas flow rate 


0.5/ 1801/min. 


gas pressure 


80Torr 


temperature 


950 °C 


growth rate 


0.3 \xxx\f min. 



[0253] Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0254] Thereafter, a silicon wafer having the same diameter from the surface of which the native oxide film had been 
removed was brought into contact with the silicon wafer and bonded together by heat treatment to produce a multilayer 
structure. 

[0255] Water was blown onto a lateral side of the multilayer structure under high pressure by means of a water jet 
apparatus to make it driven into the multilayer structure like a wedge to peel the multilayer structure and remove the 
first substrate from the multilayer structure. As a result of the peeling, the epitaxial layer was transferred onto the 
second substrate. 

[0256] The porous layer remaining on the epitaxial layer was removed by wet etching and the second substrate was 
subjected to a hydrogen annealing process to obtain an SOI wafer. Then, a fully depletion type thin film transistor was 
prepared by using the SOI wafer. 

[0257] On the other hand, the exposed surface of the separated first substrate was polished to remove the residual 
porous layer and subjected to hydrogen annealing to obtain a bulk wafer having a flat surface. 

[0258] The obtained bulk wafer was then used to prepare a CMOS logic circuit. It may be needless to say that the 
bulk wafer may be sold at a price lower than the ordinary market price of a bulk wafer without using it to prepare a logic 
circuit. 
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(Example 4) 

[0259] P-type monocrystalline Si showing a specific resistance of 0.01 5 Q cm was formed on a first monocrystalline 
Si substrate to a thickness of 16 pm by epitaxial growth, using a CVD technique and then anodized from the surface 
of the substrate in an HF solution. 

[0260] The conditions of the anodization are listed below. 



current density 


7 (mA-cm 2 ) 


anodizing solution 


HF:H 2 0:C 2 H 5 OH = 1: 1: 1 


time 


11 (minutes) 


thickness of porous Si 


12 (Mm) 


current density 


22 (mA-cm -2 ) 


anodizing solution 


HF:H 2 0:C 2 H 5 OH = 1: 1: 1 


time 


2 (minutes) 


thickness of porous Si 


3 (pm) 



[0261] Of the two porous Si layers, the upper one prepared by anodization, using a low current density, was used 
to form a high quality epitaxial Si layer, whereas the lower one prepared by anodization, using a high current density, 
was used as a separation layer. Therefore, they have their respective functions. 

[0262] The substrate was then oxidized for an hour in an oxygen atmosphere at 400 °C. As a result of oxidation, the 
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inner walls of the pores of the porous Si layers were covered by thermally oxidized film. Then, monocrystalline Si was 
made to epitaxially grow to a thickness of 0.3 \im by means of CVD. The conditions of the epitaxial growth are listed 
below. 



source gas 


| SiH 2 Cl2/H 2 


gas flow rate 


| 0.5/1801/min. 


gas pressure 


j 80Torr 


temperature 


| 950 °C 


growth rate 


f 0.3jim/min. 



[0263] Then, a 200nm thick SKD 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0264] Thereafter, a silicon wafer having the same diameter from the surface of which the native oxide film had been 
removed was brought into contact with the silicon wafer and bonded together by heat treatment to produce a multilayer 
75 structure. 

[0265] Water was blown onto a lateral side of the multilayer structure under high pressure by means of a water jet 
apparatus to make it driven into the multilayer structure like a wedge to peel the multilayer structure and remove the 
first substrate from the multilayer structure. As a result of the peeling, the epitaxial layer was transferred onto the 
second substrate. 

20 [0266] The porous layer remaining on the epitaxial layer was removed by wet etching and the second substrate was 
subjected to a hydrogen annealing process to obtain an SOI wafer. Then, a fully depletion type thin film transistor was 
prepared by using the SOI wafer. 

[0267] On the other hand, the exposed surface of the peeled first substrate was polished to remove the residual 
porous layer and the epitaxial layer that had not been made porous and subjected to hydrogen annealing to externally 
25 disperse the residual epitaxial layer and obtain a bulk wafer that performed substantially in the same level as an epitaxial 
wafer. 

[0268] The obtained bulk wafer was then used to prepare a CMOS logic circuit. 
(Example 5) 

30 

[0269] A 200nm thick Si0 2 layer was formed on the surface of a first monocrystalline Si substrate by thermal oxidation. 
[0270] Then, H+ ions were implanted into the first substrate from the surface thereof at a rate of 5xi0 16 cnrr 2 by 
applying a voltage of 40 keV so as to confine the projection range within the Si substrate. As a result, a strained layer 
was formed at the depth corresponding to the projection range as a microbubble layer or as a layer where the implanted 

3S ion seeds showed a high concentration, which then operated as a separation layer. 

[0271] Thereafter, a silicon wafer having the same diameter from the surface of which the native oxide film had been 
removed was brought into contact with the silicon wafer and bonded together by heat treatment at 500 °C to produce 
a multilayer structure, which was then separated into the first substrate and the second substrate. 
[0272] As a result of the split, the epitaxial layer was transferred onto the second substrate. 

40 [0273] The residual separation layer on the surface of the monocrystalline semiconductor layer transferred onto the 
second substrate was removed by hydrogen annealing and the surface was smoothed to produce an SOI wafer. Then, 
a fully depletion type thin film transistor was prepared by using the SOI wafer. 

[0274] On the other hand, the exposed surface of the separated first substrate was found to be carrying part of the 
separation layer, which was then removed by hydrogen annealing. Then, the surface was smoothed to produce a bulk 
45 wafer. Subsequently, a low concentration p-type epitaxial layer was formed thereon to obtain an epitaxial wafer 

(Example 6) 

[0275] Monocrystalline Si was made to epitaxially grow on a first monocrystalline Si substrate to a thickness of 1 u^n 
so by means of CVD. The conditions of the epitaxial growth are listed below. 



source gas 


SiH^/H;, 


gas flow rate 


0.5/ t80l/min. 


gas pressure 


80Torr 


temperature 


950 °C 


growth rate 


0.30 urn /min. 
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[0276] Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0277] Then, H + ions were implanted into the first substrate from the surface thereof at a rate of 5X10 16 cnrr 2 by 
applying a voltage of 40 keVso as to confine the projection range within the Si substrate. As a result, a strained layer 
was formed at the depth corresponding to the projection range as a microbubbte layer or as a layer where the implanted 
ion seeds showed a high concentrat ton, which then operated as a separation layer 

[0278] Subsequently, a silicon wafer (second substrate) having the same diameter and carrying an oxide film formed 
on the surface thereof was treated by nitrogen plasma at the surface to be bonded thereof and then the first and second 
substrate were brought to contact each other and bonded together to produce a multilayer structure. A water jet was 
blown onto a lateral side of the multilayer structure and driven toward the center of the multilayer structure to separate 
it into the first and second substrates. 

[0279] As a result of the split, the epitaxial layer was transferred onto the second substrate. 

[0260] The residual separation layer on the surface of the epitaxial layer transferred onto the second substrate was 
removed by hydrogen annealing and the surface was smoothed to produce an SOI wafer. Then, a fully depletion type 
thin film transistor was prepared by using the SOI wafer. 

[0281] On the other hand, the exposed surface of the separated first substrate was found to be carrying the epitaxial 
layer and part of the separation layer thereon, which was then removed by hydrogen annealing. Then, the surface was 
smoothed to obtain a bulk wafer. The bulk wafer had a surface layer produced by hydrogen annealing the epitaxial 
layer and hence performed substantially in the same level as an epitaxial wafer 
[0282] The obtained bulk wafer was then used to prepare a CMOS logic circuit. 

(Example 7) 

[0283] A 100nm thick Si0 2 layer was formed on the surface of a first monocrystalline substrate by thermal oxidation. 
[0284] Then, H + ions were implanted into the first substrate from the surface thereof at a rate of 5xl0 16 cnrr 2 by 
applying a voltage of 30 keV so as to confine the projection range within the Si substrate. As a result, a strained layer 
was formed at the depth corresponding to the projection range as a microbubble layer or as a layer where the implanted 
ion seeds showed a high concentration, which then operated as a separation layer. 

[0285] After removing the surface oxide film, amorphous Si or polycrystalline Si was made to grow on the surface 
of the monocrystalline Si to a thickness of 0.30 pm by means of CVD. The conditions of the growth are listed below. 



gas seeds 


SiH 4 


gas pressure 


760 Torr 


temperature 


400 °C 



[0286] Thereafter, a 200nm thick Si0 2 layer was formed on the surface. 

[0287] Then, a silicon wafer having the same diameter from the surface of which the native oxide film had been 
removed was brought into contact with the silicon wafer and bonded together by heat treatment at 600 °C to produce 
a multilayer structure, which was subsequently separated into the first and second substrates. 

[0288] As a result of the split, the monocrystalline semiconductor layer formed by epitaxial growth was transferred 
onto the second substrate. The residual separation layer on the surface of the monocrystalline semiconductor layer 
transferred onto the second substrate was removed by hydrogen annealing and the surface was smoothed to produce 
an SOI wafer. Then, a fully depletion type thin film transistor was prepared by using the SOI wafer. 
[0289] On the other hand, the exposed surface of the separated first substrate was found to be carrying part of the 
separation layer, which was then removed by hydrogen annealing. Then, the surface was smoothed to obtain a bulk 
wafer. For the purpose of the invention, the residue may be removed entirely or partly prior to the hydrogen annealing 
by polishing or etching. 

[0290] The obtained bulk wafer was then used to prepare a CMOS logic circuit. 
(Example 8) 

[0291] A first p-type monocrystalline Si substrate showing a specific resistance between 0.01 and 0.02 Q-cm was 
anodized in an HF solution. 

[0292] The conditions of the anodization are listed below 



current density 


I 7 (mA-cnrr 2 ) 


anodizing solution 


j HF:H 2 0:C 2 H 5 OH = 1: t: 1 
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(continued) 



time 


11 (minutes) 


thickness of porous Si 


12 (Mm) 



5 

[0293] The substrate was then oxidized for an hour in an oxygen atmosphere at 400 °C. As a result of oxidation, the 
inner walls of the pores of the porous Si layer were covered by thermally oxidized film. 

[0294] Then, ions were implanted into the first substrate from the surface thereof so as to confine the projection 
range within the porous Si layer (or to the porous Si/substrate interface). As a result, a strained layer was formed at 
10 the depth corresponding to the projection range as a microbubble layer or as a layer where the implanted ion seeds 
showed a high concentration, which then operated as a separation layer. 

[0295] Then, monocrystalline Si was made to epitaxially grow to a thickness of 0.3 u/n on the porous Si layer by 
means of CVD. The conditions of the epitaxial growth are listed below Note that the above described hydrogen baking 
process, the process of supplying a small amount of raw material and the high temperature baking process may be 
15 conducted prior to the process of growing monocrystalline Si. 



source gas 


SiH 2 CL>/H 2 


gas flow rate 


0.5 / 180 I /min. 


gas pressure 


80Torr 


temperature 


950 °C 


growth rate 


0.3 u^m/ min. 



[0296] Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 

25 Thereafter, a silicon wafer having the same diameter from the surface of which the native oxide film had been removed 
was brought into contact with the silicon wafer and bonded together by heat treatment to produce a multilayer structure. 
[0297] Water was blown onto a lateral side of the multilayer structure under high pressure by means of a water jet 
apparatus to make it driven into the multilayer structure like a wedge to peel the multilayer structure and remove the 
first substrate from the multilayer structure. As a result of the peeling, the epitaxial layer was transferred onto the 

30 second substrate. 

[0298] The porous layer remaining on the epitaxial layer was removed by wet etching and the second substrate was 
subjected to a hydrogen annealing process to obtain an SOI wafer. Then, a fully depletion type thin film transistor was 
prepared by using the SOI wafer. 

[0299] On the other hand, the exposed surface of the peeled first substrate was subjected to an epitaxial growth 
35 process to obtain an epitaxial wafer. Note that the residual porous layer may be completely removed before the epitaxial 
growth process. 

[0300] The obtained epitaxial wafer was then used to prepare a CMOS logic circuit. 

[0301] A DRAM and other devices were formed on the epitaxial wafer to prove that it was useful for improving the 
quality, the yield and the reliability of manufacturing devices. 

40 

(Example 9) 

[0302] A first p-type monocrystalline Si substrate showing a specific resistance of 0.01 Q cm was anodized in an HF 
solution. 

45 [0303] The conditions of the anodization are listed below 



current density 


7 (mA-cnrr 2 ) 


anodizing solution 


HF:H 2 0:C 2 H 5 OH = 1: 1: 1 


time 


12 (minutes) 


thickness of porous Si 


11 (urn) 



[0304] The substrate was then oxidized for an hour in an oxygen atmosphere at 400 °C. As a result of oxidation, the 
inner walls of the pores of the porous Si layer were covered by thermally oxidized film. Then, monocrystalline St was 
made to epitaxially grow to a thickness of 0.3 urn on the porous Si layer by means of CVD. The conditions of the 
epitaxial growth are listed below. Note that the above described hydrogen baking process, the process of supplying a 
small amount of raw material and the high temperature baking process may be conducted prior to the process of 
growing monocrystalline Si. 
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source gas 


SiH 2 Cl2/H 2 


gas flow rate 


0.5/1801/min. 


gas pressure 


80Torr 


temperature 


950 °C 


growth rate 


0.3uxn/min. 



10 



15 



20 



25 



[0305] Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0306] Then, ions were implanted into the first substrate from the surface thereof so as to confine the projection 
range to the epitaxial layer/porous Si layer interface (or the porous Si/substrate interface or within the porous Si layer). 
As a result, a strained layer was formed at the depth corresponding to the projection range as a microbubble layer or 
as a layer where the implanted ion seeds showed a high concentration, which then operated as a separation layer. 
[0307] Thereafter, a silicon wafer having the same diameter from the surface of which the native oxide film had been 
removed was brought into contact with the silicon wafer and bonded together by heat treatment at 1 ,000 °C to produce 
a multilayer structure, which was then separated. As a result of the separation, the epitaxial layer was transferred onto 
the second substrate. 

[0308] Since practically no porous layer was remaining on the epitaxial layer, the second substrate was subjected 
to a hydrogen annealing process to obtain an SOI wafer without wet etching. Then, a fully depletion type thin film 
transistor was prepared by using the SOI wafer. 

[0309] On the other hand, the exposed surface of the separated first substrate was polished to obtain a bulk wafer. 
[0310] The obtained bulk wafer was then used to prepare a CMOS logic circuit. 

[0311] In stead of bonding the second substrate of any of the above examples, polycrystalline silicon may be formed 
on the uppermost surface of the first substrate to a thickness of 200 to 800 microns by means of a deposition technique 
such as C VD. Still alternatively, the obtained structure may be split into a plurality of different wafers, which may be 
used for respective appropriate applications. 



(Example 10) 
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[0312] An epitaxial growth layer was formed to a thickness of 1 ujti on the surface of a first p-type monocrystalline 
Si substrate by means of GVD. During this process, the concentration of diborane added as a dopant was regulated 
to make it a p ++ Si layer showing a specific resistance of 0.01 5 Q cm. The thickness of the wafer was 6.34 urn 
[0313] Then, the epitaxial layer was anodized in a mixture solution of HF and ethanol. 
[0314] The conditions of the anodization are listed below. 



current density 


7 (mA-criT 2 ) 


anodizing solution 


HF:H 2 O.C 2 H 5 OH = 1: 1: 1 


time 


12 (minutes) 



40 



45 



50 



55 



[0315] It was proved by observing a cross section of a specimen of the anodization product through a high resolution 
scanning electron microscope that a 10 u.m thick porous layer had been formed with a porosity of 20%. 
[0316] The wafer was then treated at 400 °C for an hour in an oxygen atmosphere and immersed into a 1.25% 
aqueous solution of HF for 30 seconds to remove the very thin silicon oxide film on the surface. Then, the water was 
put into an epitaxial growth apparatus to produce a 0.3 um thick monocrystalline Si layer by epitaxial growth, using a 
CVD (chemical vapor deposition) technique. The conditions of the epitaxial growth are listed below. Note that the above 
described hydrogen baking process, the process of supplying a small amount of raw material and the high temperature 
baking process may be conducted prior to the process of growing monocrystalline Si. 



source gas 


S»H 2 CI 2 / H 2 


gas flow rate 


0.2/ 180 1/min. 


gas pressure 


760 Torr 


temperature 


1 ,060 °C 


growth rate 


0.15 / min. 



[0317] 
[0318] 



Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
The wafer was then placed on another Si substrate (support substrate) with the surface of the SiO^ layer 



facing the surface of the support substrate and they were brought into mutual contact. Thereafter, they are annealed 
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at 1 ,180 °C for 5 minutes to find that they were firmly bonded to each other. 

[0319] The bonded wafers were forcibly separated along the highly porous layer. Various techniques may be used 
to separate them apart including application of pressure, application of tensile or shearing force, application of external 
pressure by means of a wedge, application of ultrasonic waves, application of heat, generating internal pressure within 
the porous Si layer by causing it to expand through oxidation, application of a pulse of heat to generate thermal stress 
in the inside and softening. As a matter of fact it was possible to separate them by any of the above listed techniques. 
Subsequently, the support substrate was immersed into an aqueous solution of a mixture of HF and hydrogen peroxide 
to find that the residual porous silicon layer was removed from the surface in about 60 minutes to produce an SOI wafer. 
[0320] Then, the obtained wafer was heat treated at 1 ,100 °C for 4 hours in a hydrogen atmosphere. 
[0321] The surface roughness was observed through an atomic force microscope to find that the root means square 
roughness was 0.2nm within an area of 50 pm square, which was substantially equal to the root mean square roughness 
of commercially available Si wafers. The specimen was also observed for the crystal defect density to find that the 
multilayer defect density was 50 defects/cm" 2 . In other words, a low defect density monocrystalline Si layer was formed 
on the silicon oxide film layer. 

[0322] A similar result was obtained when an oxide film was formed not on the surface of the epitaxial layer but on 
the surface of the second substrate or on the surfaces of both of them. 

[0323] The residual porous layer on the first substrate was immersed into an aqueous solution of a mixture of HF 
and hydrogen peroxide to find that it was removed in about 30 minutes. The 1 pm thick epitaxial layer on the first p- 
type monocrystalline Si substrate was then subjected to hydrogen annealing to reduce the impurity concentration. 
Then, the substrate was used to prepare a CMOS logic circuit. 

[0324] A DRAM and other devices were formed on the epitaxial wafer to prove that it was useful for improving the 
quality, the yield and the reliability of manufacturing devices. 
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(Example 11) 

[0325] An epitaxial growth layer was formed to a thickness of 3 pm on the surface of a first p-type monocrystalline 
Si substrate by means of CVD. During this process, the concentration of diborane added as a dopant was made to 
vary in order to produce a 2 urn thick upper surface p ++ Si layer showing a specific resistance of 0.015 Cl em and a 1 
pm thick lower surface p+ Si layer showing a specific resistance of 0.5 Q-cm. 

[0326] During the epitaxial growth, a source gas of SiHgC^ / H 2 was supplied at a temperature of 1 ,110 °C under a 
pressure of 760Torr, while letting a dopant of 1% B 2 H 6 flow at 60 seem for the P ++ Si layer and at 0.1 seem for the P + 
Si layer at a growth rate of 3.33 um/min for the epitaxial layer. 

[0327] Then, the epitaxial layer was anodized in a mixture solution of HF and ethanoL 
[0328] The conditions of the anodization are listed below. 



current density 


7 (mA-cnrr 2 ) 


anodizing solution 


HF:H 2 0:C 2 H 5 OH =1:1:1 


time 


4 (minutes) 



[0329] It was proved by observing a cross section of a specimen of the anodization product through a high resolution 
scanning electron microscope that a low porosity layer of a porosity of 20% and a high porosity layer of a porosity of 
50% had been formed respectively in the 2 pm thick upper surface and the 0.5 uxn thick lower surface layer of Si 
layer. The thin high porosity layer was obviously structurally very fragile. 

[0330] The wafer was then treated at 400 °C for an hour in an oxygen atmosphere and immersed into a 1.25% 
aqueous solution of HF for 30 seconds to remove the very thin silicon oxide Film on the surface. Then, the wafer was 
put into an epitaxial growth apparatus to produce a 0.3 pm thick monocrystalline Si layer by epitaxial growth, using a 
CVD (chemical vapor deposition) technique. The conditions of the epitaxial growth are listed below. Note that the above 
described hydrogen baking process, the process of supplying a small amount of raw material and the high temperature 
baking process may be conducted prior to the process of growing monocrystalline Si. 



source gas 


| SiH 2 Cl2/H 2 


gas flow rate 


| 0.2/ 180 l/min. 


gas pressure 


; 760Torr 


temperature 


| 1,060*0 


growth rate 


I 0.15 pm / min. 
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[0331] Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0332] The wafer was then placed on another Si substrate (support substrate) with the surface of the SiO^ layer 
facing the surface of the support substrate and they were brought into mutual contact. Thereafter, they are annealed 
at 1 ,180 °C for 5 minutes to find that they were firmly bonded to each other. 

s [0333] The bonded wafers were forcibly separated along the highly porous layer. Various techniques may be used 
to separate them apart including application of pressure, application of tensile or shearing force, application of external 
pressure by means of a wedge, application of ultrasonic waves, application of heat, generating internal pressure within 
the porous Si layer by causing it to expand through oxidation, application of a pulse of heat to generate thermal stress 
in the inside and softening. As a matter of fact it was possible to separate them by any of the above listed techniques. 

io [0334] Subsequently, the support substrate was immersed into an aqueous solution of a mixture of HF and hydrogen 
peroxide to find that the residual porous silicon layer was removed from the surface in about 60 minutes to produce 
an SOI wafer. 

[0335] Then, the obtained wafer was heat treated at 1,100 °C for 4 hours in a hydrogen atmosphere. The surface 
roughness was observed through an atomic force microscope to find that the root means square roughness was 0.2nm 
is within an area of 50 uin square, which was substantially equal to the root mean square roughness of commercially 
available Si wafers. The specimen was also observed for the crystal defect density to find that the multilayer defect 
density was 50 defects/cm 2 . 

[0336] In other words, a tow defect density monocrystalline Si layer was formed on the silicon oxide film layer. 

[0337] A similar result was obtained when an oxide film was formed not on the surface of the epitaxial layer but on 
20 the surface of the second substrate or on the surfaces of both of them. 

[0338] The residual porous layer on the first substrate was immersed into an aqueous solution of a mixture of HF 

and hydrogen peroxide to find that it was removed in about 30 minutes. Then, an epitaxial layer was made to grow 

with a boron concentration lower than that of the first p-type monocrystalline Si substrate in order to produce an epi- 

wafer. The epi-wafer was used to prepare a CMOS logic circuit. 
25 [0339] A DRAM and other devices were formed on the epitaxial wafer to prove that it was useful for improving the 

quality, the yield and the reliability of manufacturing devices. 

(Example 12) 

30 [0340] Monocrystalline Si was made to epitaxially grow on a first monocrystalline Si substrate to a thickness of 1 u.m 
by means of CVD. The conditions of the epitaxial growth are listed below. 



source gas 


SiH 2 Cl2 / H 2 


gas flow rate 


0.5/ 1801/min. 


gas pressure 


80 Torr 


temperature 


950 °C 


growth rate 


0.30u.m/min. 



[0341] More specifically, the initial 0.5 microns of the height was a P" layer of 1 Q-cm formed by using BgHe as a 
dopant, while the upper 0.5 microns of the height was a N* layer of 1 Q-cm formed by using PH 3 as a dopant. 
[0342] Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0343] Then, H + ions were implanted into the first substrate from the surface thereof at a rate of 5xl0 16 cnrr 2 by 
applying a voltage of 70 keV so as to confine the projection range within the epitaxia Haver. As a result, a strained layer 
was formed at the depth corresponding to the projection range which was close to the P7N" interface as a microbubble 
layer or as a layer where the implanted ion seeds showed a high concentration, which then operated as a separation 
layer. 

[0344] Subsequently, a silicon wafer (second substrate) having the same diameter was treated by nitrogen plasma 
at the surface to be bonded thereof and then the first and second substrate were brought to contact each other and 
bonded together to produce a multilayer structure, which may or may not be heat treated at about 200 °C. 
[0345] A water jet was blown onto a lateral side of the multilayer structure and driven toward the center of the mul- 
tilayer structure to separate it into the first and second substrates. 

[0346] The two substrates could also be separated by heat treatment at 500 °C or by utilizing the effect of crystal 
rearrangement or that of pressure within microbubbles. 

[0347] As a result, the N" monocrystalline semiconductor layer was transferred onto the second substrate. 
[0348] The residual separation layer on the epitaxial layer that had been transferred onto the second substrate was 
removed by hydrogen annealing and the surface of the epitaxial layer was smoothed to obtain an SOI wafer. A similar 
SOI wafer could be prepared by touch polishing of the surface in place of hydrogen annealing. Then, the wafer was 
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used to prepare a fully depletion type thin film transistor. 

[0349] On the other hand, the separated first substrate carried the P* epitaxial layer and a residue of the separation 
layer on the surface thereof, which was then removed by hydrogen annealing. Then, the surface of the substrate was 
smoothed to obtain an epi-wafer. A similar epi-wafer could be prepared by touch polishing of the surface in place of 
hydrogen annealing. Since the bulk wafer had a layer formed by hydrogen annealing of the epitaxial layer on the 
surface, it performed like an epitaxial wafer. An epi-wafer that is currently most popular as P- epitaxial/P* wafer was 
obtained by using a P + substrate for the first Si wafer. The epi-wafer was then used to prepare a CMOS logic circuit. 
[0350] A DRAM and other devices were formed on the epitaxial wafer to prove that it was useful for improving the 
quality, the yield and the reliability of manufacturing devices. 

(Example 13) 

[0351] P~ monocrystalline Si was formed to a thickness of 1 urn by epitaxial growth by means of CVD to make it show 
a specific resistance of about 18Qcm on a first P + monocrystalline Si substrate showing a specific resistance between 
0.01 and 0.02 Q-cm. 

[0352] The conditions of the epitaxial growth are listed below. 
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source gas 


SiH 2 CI 2 /H 2 


gas flow rate 


0.5/180 1/min. 


gas pressure 


80Torr 


temperature 


950 °C 


growth rate 


0.30 jim /min. 



[0353] Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 
[0354] Then, H + ions were implanted into the first substrate from the surface thereof at a rate of 5X10 16 cnrr 2 by 
applying a voltage of 40 keVso as to confine the projection range within the epitaxial layer As a result, a strained layer 
was formed at the depth corresponding to the projection range as a mierobubble layer or as a layer where the implanted 
ion seeds showed a high concentration, which then operated as a separation layer. 

[0355] Subsequently, a silicon wafer (second substrate) having the same diameter was treated by nitrogen plasma 
at the surface to be bonded thereof and then the first and second substrate were brought to contact each other and 
bonded together to produce a multilayer structure. A water jet was blown onto a lateral side of the multilayer structure 
and driven toward the center of the multilayer structure to separate it into the first and second substrates. The two 
substrates could also be separated by heat treatment. 

[0356] As a result, the monocrystalline semiconductor layer was transferred onto the second substrate. 
[0357] The residual separation layer on the surface of the epitaxial layer that had been transferred onto the second 
substrate was removed by hydrogen annealing and the surface of the epitaxial layer was smoothed to obtain an SOI 
wafer. Then, the SOI wafer was used to prepare a fully depletion type thin film transistor. Thus, a substrate can be 
used for preparing an SOI wafer by implanting hydrogen ions if an epi-fayer is utilized. 

[0358] On the other hand, the separated first substrate carried the epitaxial layer and a residue of the separation 
layer on the surface thereof, which was then removed by hydrogen annealing. Then, the surface of the substrate was 
smoothed to obtain a bulk wafer. Since the bulk wafer had a layer formed by hydrogen annealing of the epitaxial layer 
on the surface, it performed like an epitaxial wafer. 
[0359] The epi-wafer was then used to prepare a CMOS logic circuit. 

(Example 14) 
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[0360] The surface of a first monocrystalline Si substrate was subjected to an anodization process in an HF solution. 
[0361] The conditions of the anodization are listed below. 

[0362] The conditions for preparing a first porous layer to be prepared first and used as the uppermost layer: 



current density 


i 1 (mA-crrr 2 ) 


anodizing solution 


\ HF:H 2 0:C 2 HgOH = 1: 1: 1 


time 


j 0.1 (minutes) 


thickness of porous Si 


| 0.02 (u/n) 



[0363] The conditions for preparing a second porous layer to be prepared next: 
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current density 


50 (mA-cnrr 2 ) 


anodizing solution 


HF:H 2 0:C 2 HsOH = 1: 1: 1 


time 


; 5 (seconds) 


thickness of porous Si 


1 0.1 (urn) 



[0364] The conditions for preparing a third porous layer to be prepared last: 

current density I 7 (mA-cnrr 2 ) 

anodizing solution j HF:H 2 0:C 2 H 5 OH = 1:1:1 

time I 1 (minutes) 

thickness of porous Si j 1 (um) 



15 [0365] As a result of the anodization, the second porous layer that was thicker than the first porous layer and prepared 
with a current density of 50 (mA-cnrr 2 ) showed the highest porosity of all the porous Si layers and hence was structurally 
most fragile. 

[0366] The substrate was then oxidized for an hour in an oxygen atmosphere at 400 °C. As a result of oxidation, the 
inner walls of the pores of the porous Si layer were covered by thermally oxidized film. The wafer was placed in an 
20 epitaxial growth apparatus filled with a hydrogen atmosphere and baked at 1 ,040 *C for 5 minutes. As a result of the 
heat treatment (baking), the surface pores of the uppermost porous Si layer were filled. Then, the uppermost surface 
layer that was the first porous Si layer prepared with a current density of 1 (mA-cnrr 2 ) was transformed into a non- 
porous layer through migration of Si atoms. 

[0367] Subsequently, monocrystalline Si was made to epitaxially grow on the porous Si having a non-porous surface 
25 to a thickness of 0.3 um by means of CVD (chemical vapor deposition). The conditions of the epitaxial growth are listed 
below. 



source gas 




SiH 2 CI 2 /H 2 


gas flow rate 




0.5/ 1801 /min. 


gas pressure 


: 


80 Torr 


temperature 


: 
: 


950 °C 


growth rate 


: 
: 


0.30 um / min. 



35 [0368] Then, a 200nm thick Si0 2 layer was formed on the surface of the epitaxial Si layer by thermal oxidation. 

[0369] Subsequently, another silicon substrate (second substrate) was brought in and then the first and second 
substrate were brought to contact each other and heat-treated at 1 ,180 °C for 5 minutes to find that they were firmly 
bonded together. 

[0370] Then, external force was applied to the bonded substrates. As a result, the second porous layer showing the 
40 highest porosity was destroyed and the two substrates were separated along the interface of the non-porous layer and 
the adjacent porous layer. 

[0371] Thus, a 0.2 um thick monocrystalline Si layer was formed on the Si oxide film of the second substrate to 
produce an SOI substrate. No porous Si was found remaining on the surface of the monocrystalline Si layer (separation 
layer). By separating the two substrates along the interface of the non-porous layer and the adjacent porous layer, it 
45 is now possible to omit various steps that are normally required to obtain an SOI layer having a smooth surface. 

[0372] More specifically, the two substrates could be separated apart along the interface because stress can be 
intensively generated at and near the interface. This technique of intensively generating stress along an interface can 
also be used for a hetero-epitaxial film such as SrGe on silicon. 

[0373] The porous Si remaining on the first substrate was selectively etched out by immersing it into an aqueous 
50 solution of a mixture of 49% hydrofluoric acid and 30% hydrogen peroxide to produce a bulk wafer having a smooth 
surface. It was used as a device forming wafer or a monitor wafer without being used as first or second substrate as 
described above. 

[0374] As discussed above in detail, the present invention provides a method of manufacturing high quality semi- 
conductor wafers on a mass production basis with an enhanced degree of reproducibility. A method of manufacturing 
55 semiconductor wafers according to the invention can provide high quality SOI wafers that can be efficiently used and 
reused without affecting the supply of wafers to the market. 
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Claims 

1 . A process for manufacturing a semiconductor wafer, comprising the steps of: 

preparing a first member which has a semiconductor layer on a semiconductor substrate; 
transferring said semiconductor layer onto a second member via separating said semiconductor layer from 
said first member; and 

smoothing the surface of said semiconductor substrate after said transferring step so as to use said semicon- 
ductor substrate as a semiconductor wafer for purposes other than forming said first and second members. 

2. A process for manufacturing a semiconductor wafer, comprising the steps of: 

preparing a first member which has a semiconductor layer on a semiconductor substrate with a separation 
layer arranged therebetween; 

transferring said semiconductor layer onto a second member via separating said semiconductor layer through 
said separation layer; and 

smoothing the surface of said semiconductor substrate after said transferring step so as to use said semicon- 
ductor substrate as a semiconductor wafer for purposes other than forming said first and second members. 

20 3. A process for manufacturing a semiconductor wafer, comprising the steps of: 

preparing a first member which has a semiconductor layer on a p-type semiconductor substrate; 
separating said semiconductor layer from said first member to transfer the semiconductor layer onto a second 
member, thereby forming a first semiconductor wafer; and 
25 conducting epitaxial growth of a low concentration p-type semiconductor layer on said p-type semiconductor 

substrate from which said semiconductor layer has been separated, said low concentration p-type semicon- 
ductor layer having an impurity concentration, which defines p-type conductivity, lower than that of said p-type 
semiconductor substrate. 

so 4. A process for manufacturing a semiconductor wafer, comprising the steps of: 

preparing a first member which has a semiconductor layer on a p-type semiconductor substrate with a sepa- 
ration layer arranged therebetween; 

separating said semiconductor layer through said separation layer to transfer the semiconductor layer onto a 
35 second member, thereby forming a first semiconductor wafer; and 

conducting epitaxial growth of a low concentration p-type semiconductor layer on said p-type semiconductor 
substrate which has been separated through said separation layer, said low concentration p-type semicon- 
ductor layer having impurity concentration, which defines p-type conductivity, lower than that of said p-type 
semiconductor substrate. 



40 



5. A process for manufacturing a semiconductor wafer, comprising the steps of: 



45 



forming a separation layer within a p-type semiconductor substrate to form a first member which has a sem- 
iconductor layer on said separation layer; 

separating said semiconductor layer through said separation layer to transfer the semiconductor layer onto a 
second member, thereby forming a first semiconductor wafer; and 
conducting epitaxial growth of a low concentration p-type semiconductor layer on said p-type semiconductor 
substrate which has been separated through said separation layer, said low concentration p-type semicon- 
ductor layer having impurity concentration, which defines p-type conductivity, lower than that of said p-type 
50 semiconductor substrate. 

6. A process for manufacturing a semiconductor wafer, comprising the steps of: 

preparing a first member which has a semiconductor layer on a p-type semiconductor substrate with a sepa- 
55 ration layer arranged therebetween; 

bonding said first member with a second member to form a multilayer structure; 
conducting heat-treatment of said multilayer structure under an oxidizing atmosphere 

separating said multilayer structure through said separation layer to transfer said semiconductor layer onto a 
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second member, thereby forming a first semiconductor wafer, and 

conducting epitaxial growth of a low concentration p-type semiconductor layer on said p-type semiconductor 
substrate which has been separated through said separation layer, said low concentration p-type semicon- 
ductor layer having impurity concentration, which defines p-type conductivity, lower than that of said p-type 
s semiconductor substrate. 

7. A process for manufacturing a semiconductor wafer, comprising the steps of: 

preparing a first member which has at least a first semiconductor layer comprising an epitaxial semiconductor 
layer having impurity concentration, which defines p-type conductivity, lower than that of a p-type semicon- 
ductor substrate; a separation layer; and a second semiconductor layer; arranged on said p-type semicon- 
ductor substrate in the order as mentioned; and 

forming a first semiconductor wafer via transferring said second semiconductor layer onto a second member 
through the separation step of separating said second semiconductor layer through said separation layer, and 
forming a second semiconductor wafer having said first semiconductor layer on said p-type semiconductor 
substrate. 

8. A process for manufacturing a semiconductor wafer, comprising the steps of: 

forming at least a first semiconductor layer comprising an epitaxial semiconductor layer having impurity con- 
centration, which defines p-type conductivity, lower than that of a pttype semiconductor substrate; and a sec- 
ond semiconductor layer comprising an epitaxial semiconductor layer having impurity concentration, which 
defines p-type conductivity, higher than that of said first semiconductor layer; arranged on said p-type semi- 
conductor substrate in the order as mentioned; making said second semiconductor layer and part of said first 
semiconductor layer porous; and forming a third semiconductor layer onto said second semiconductor layer 
made porous; thereby forming a first member; and 

transferring said third semiconductor layer onto said second member to form a first semiconductor wafer, and 
forming a second semiconductor wafer comprising said p-type semiconductor substrate having said first sem- 
iconductor layer. 

9. A process for manufacturing a semiconductor wafer as defined in any one of claims 1 to 8, wherein said semicon- 
ductor substrate, said p-type semiconductor substrate, and said p-type silicon substrate are each selected from 
the group consisting of a CZ silicon wafer, an FZ silicon wafer, an epitaxial silicon wafer, and a hydrogen-annealed 
silicon wafer. 

10. A process for manufacturing a semiconductor wafer as defined in any one of claims 1 to 6, wherein said semicon- 
ductor layer is selected from the group consisting of a monocrystalline semiconductor layer, a polycrystalline sem- 
iconductor layer, and an amorphous semiconductor layer. 

40 1 1 . A process for manufacturing a semiconductor wafer as defined in any one of claims 2, 4, 5, 6, and 7, wherein said 
separation layer is selected from the group consisting of a porous layer and a microbubble layer. 

12. A process for manufacturing a semiconductor wafer as defined in claim 8, wherein said separation layer and said 
layer made porous is each formed by anodization treatment. 

45 

1 3. A process for manufacturing a semiconductor wafer as defined in claim 11 , wherein said separation layer is formed 
by ion implantation using a gas selected from the group consisting of hydrogen, nitrogen, and rare gas. 

14. A process for manufacturing a semiconductor wafer as defined in claim 1 3, wherein said ion implantation is plasma 
so immersion ion implantation. 

15. A process for manufacturing a semiconductor wafer as defined in any one of claims 2, 4, 5, 6, and 7, wherein said 
first member is obtained by forming a porous layer serving as said separation layer on the surface of said semi- 
conductor substrate followed by forming said semiconductor layer on the surface of said porous layer. 

55 

16. A process for man ufactu ring a semiconductor wafer as defined in claim 15, comprising the additional step of forming 
a protection layer on the walls of the pores in said porous layer prior to the formation of said semiconductor layer. 
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17. A process for manufacturing a semiconductor wafer as defined in claim 15, comprising the additional step of con- 
ducting heat-treatment on said porous layer under a reducing atmosphere containing hydrogen prior to the forma- 
tion of said semiconductor layer. 

s 18. A process for manufacturing a semiconductor wafer as defined in claim 15, comprising the step of forming said 
semiconductor layer by supplying a small amount of raw material gas for said semiconductor layer at a growth 
rate of 20 mm/min. or lower. 

1 9. A process for manufacturing a semiconductor wafer as defined in claim 1 5, comprising the additional step of sealing 
io the surface said porous layer followed by conducting heat-treatment at a temperature higher than that for said 

sealing step prior to the formation of said semiconductor layer, said sealing step comprising the steps of conducting 
heat-treatment on said porous layer under a hydrogen reducing atmosphere and/or supplying a small amount of 
raw material gas for said semiconductor layer. 

'5 20. A process for manufacturing a semiconductor wafer as defined in any one of claims 2, 4, 5, 6, and 7, wherein said 
first member is obtained by implanting at least one ion selected from the group consisting of hydrogen, nitrogen, 
and rare gas into the surface of said semiconductor substrate to form an ion-implanted layer serving as said sep- 
aration layer within said semiconductor substrate. 

20 21 . A process for manufacturing a semiconductor wafer as defined in any one of claims 2, 4, 5, 6, and 7, wherein said 
first member is obtained by forming an insulating layer followed by forming an ion-implanted layer serving as said 
separation layer within said semiconductor substrate. 

22. A process for manufacturing a semiconductor wafer as defined in claim 1 or 2, wherein said semiconductor sub- 
2$ strate comprising said first member is selected from the group consisting of a P* -silicon wafer and a P + -silicon wafer. 

23. A process for manufacturing a semiconductor wafer as defined in any one of claims 2, 4, 5, 6, and 7, wherein said 
first member is obtained by the steps of forming an epitaxial layer on said semiconductor substrate, forming said 
separation layer by making the surface of said epitaxial layer porous, and then forming said semiconductor layer 

30 on the surface of said separation layer. 

24. A process for manufacturing a semiconductor wafer as defined in claim 23, wherein the surface of said epitaxial 
layer is made porous such that the thickness of the remaining epitaxial layer on said semiconductor substrate is 
between 100 nm and 20 um 

35 

25. A process for manufacturing a semiconductor wafer as defined in claim 23, wherein said epitaxial layer isaP+ 
layer in which the concentration of boron is between 1 X 10 17 cnr 3 and 1 X lO^cm -3 . 

26. A process for manufacturing a semiconductor wafer as defined in claim 1 or 2, wherein said transferring step 
40 comprises the steps of bonding said first member with said second member so as to arrange said semiconductor 

layer inside to form a multilayer structure and separating said multilayer structure. 

27. A process for manufacturing a semiconductor wafer as defined in claim 26, wherein said bonding step is conducted 
through an insulating layer. 

45 

28. A process for manufacturing a semiconductor wafer as defined in claim 26, wherein said bonding step is conducted 
after forming an insulating layer on the surface of said semiconductor layer. 

29. A process for manufacturing a semiconductor wafer as defined in claim 26, wherein said bonding step is conducted 
50 after forming an insulating layer on the surface of said second member. 

30. A process for manufacturing a semiconductor wafer as defined in claim 26, wherein said separating step is con- 
ducted by a method selected from the group consisting of heat-treatment of said multilayer structure and oxidizing 
treatment of the side of a separation layer and/or the vicinity thereof. 
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31. A process for manufacturing a semiconductor wafer as defined in claim 30, wherein said heat-treatment is con- 
ducted at a temperature within the range of 400 °C to 600 °C 
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32. A process for manufacturing a semiconductor wafer as defined in ctaim 26, wherein said separating step is con- 
ducted by at feast one method selected from the group consisting of inserting a wedge into the side of said sep- 
aration layer, spraying fluid onto any one of said multilayer structure and the side of said separation layer, applying 
any one of tensile force, compressive force and shearing force, slicing said multilayer structure at said separation 

5 layer, and applying ultrasonic vibration onto said separation layer. 

33. A process for manufacturing a semiconductor wafer as defined in claim 32, wherein said fluid is selected from the 
group consisting of water, alcohols, etchant, air, nitrogen gas, carbonic oxide gas, and rare gas. 

io 34. A process for manufacturing a semiconductor wafer as defined in claim 1 or 2, wherein said semiconductor wafer 
is an epitaxial wafer. 

35. A process for manufacturing a semiconductor wafer as defined in any one of claims 1 to 8, wherein said semicon- 
ductor wafer and said second semiconductor wafer are used to manufacture any one of a semiconductor device 

is and a solar battery. 

36. A process for manufacturing a semiconductor wafer as defined in any one of claims 1 to 8, wherein said second 
member is selected from the group consisting of a CZ silicon wafer, a FZ silicon wafer, an epitaxial wafer, a hy- 
drogen-annealed silicon wafer, glass, quartz glass, plastics, a flexible film, ceramic, and a conductive substrate. 

20 

37. A process for manufacturing a semiconductor wafer as defined in any one of claims 1 to 8, wherein said second 
member is a silicon wafer having an oxide film on the surface thereof. 

38. A process for manufacturing a semiconductor wafer as defined in claim 1 or 2, wherein said smoothing step is the 
25 step of conducting at least one treatment selected from the group consisting of surface-polishing, planing, etching, 

and heat-treatment. 

39. A process for manufacturing a semiconductor wafer as defined in claim 38, wherein said surface-polishing is se- 
lected from the group consisting of chemical mechanical polishing and touch-polish. 

30 

40. A process for manufacturing a semiconductor wafer as defined in claim 38, wherein said heat-treatment is hydrogen 
annealing. 

41. A process for manufacturing a semiconductor wafer as defined in claim 40, wherein the temperature for said 
35 hydrogen annealing is not lower than 800°C and not higher than the melting temperature of the component ma- 
terials of said semiconductor substrate. 

42. A process for manufacturing a semiconductor wafer as defined in claim 40, wherein the hydrogen annealing is a 
heat-treatment conducted under a reducing atmosphere containing at least hydrogen. 

40 

43. A method for using a semiconductor wafer wherein said semiconductor substrate after the smoothing step accord- 
ing to claim 1 or 2 is used as a non-SOl wafer. 

44. A method for using a semiconductor wafer wherein said semiconductor substrate after the smoothing step accord- 
45 ing to claim 1 or 2 is used as a semiconductor wafer to manufacture a semiconductor device. 

45. A method for using a semiconductor wafer wherein said semiconductor substrate after the smoothing step accord- 
ing to claim 1 or 2 is used as a dummy wafer. 

50 46. A method for using a semiconductor wafer wherein said semiconductor substrate after the smoothing step accord- 
ing to claim 1 or 2 is used as a monitor wafer. 

47. A process for manufacturing a semiconductor wafer as defined in claim 1 or 2, comprising the additional step of 
forming an epitaxial layer on the smoothed semiconductor substrate. 
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48. A process for manufacturing a semiconductor wafer as defined in claim 1 or 2, wherein at least one inspection 
step selected Irom the group consisting of inspection of the density of surface foreign particles, inspection of film 
thickness distribution, inspection of the density of defects, inspection of surface profile, and inspection of edges 



35 



NSOOOO: <EP 



1 006567 A2_l_> 



EP 1 006 567 A2 



is conducted on the semiconductor substrate obtained after the smoothing step. 

49. A process for manufacturing a semiconductor wafer as defined in claim 48, wherein the substrate is sorted to be 
used as one wafer selected from the group consisting of a dummy wafer, a monitor wafer, a device wafer, and an 

5 epitaxial wafer. 

50. A process for manufacturing a semiconductor wafer as defined in any one of claims 3, 4, 5, 7, and 8, wherein said 
p-type semiconductor substrate is a high concentration p-type silicon wafer. 

10 51 . A process for manufacturing a semiconductor wafer as defined in claim 50, wherein the concentration of boron in 
said high concentration p-type silicon wafer is between 1 X 10 17 cnrr 3 and 1 X lO^cnrr 3 

52. A process for manufacturing a semiconductor wafer as defined in claim 50, wherein the specific resistance of said 
high concentration p-type silicon wafer is between 0.001 £2-cm to 0.5 Q-cm. 

is 

53. A process for manufacturing a semiconductor wafer as defined in any one of claims 3 to 8, wherein the step of 
forming said first semiconductor wafer comprises the steps of bonding said first member with said second member 
so as to arrange said semiconductor layer inside to form a multilayer structure and separating said multilayer 
structure. 

20 

54. A process for manufacturing a semiconductor wafer as defined in claim 53, wherein said bonding step is conducted 
through an insulating layer 

55. A process for manufacturing a semiconductor wafer as defined in claim 53, wherein said bonding step is conducted 
25 after forming an insulating layer on the surface of said semiconductor layer 

56. A process for manufacturing a semiconductor wafer as defined in claim 53, wherein said bonding step is conducted 
after forming an insulating layer on the surface of said second member. 

50 57. a process for manufacturing a semiconductor wafer as defined in claim 53, wherein said separating step is con- 
ducted by a method selected from the group consisting of heat-treatment of said multilayer structure and oxidizing 
treatment of the side of the separation layer and/or the vicinity thereof. 

58. A process for manufacturing a semiconductor wafer as defined in claim 57, wherein said heat-treatment is con- 
35 ducted at a temperature within the range of 400 °C to 600 °C 

59. A process for manufacturing a semiconductor wafer as defined in claim 53, wherein said separating step is con- 
ducted by at least one method selected from the group consisting of inserting a wedge into the side of said sep- 
aration layer, spraying fluid onto any one of said multilayer structure and the side of said separation layer, applying 

40 any one of tensile force, compressive force and shearing force, slicing said multilayer structure at said separation 

layer, and applying ultrasonic vibration onto said separation layer. 

60. A process for manufacturing a semiconductor wafer as defined in claim 59, wherein said fluid is selected from the 
group consisting of water, alcohols, etchant, air, nitrogen gas, carbonic oxide gas, and rare gas. 

45 

61. A process for manufacturing a semiconductor wafer as defined in any one of claims 3 to 6, wherein the specific 
resistance of said low concentration p-type silicon layer is between 0.02 D-cm to 10000 Q-cm. 

62. A process for manufacturing a semiconductor wafer as defined in any one of claims 3 to 6, wherein saki low 
50 concentration p-type silicon layer is an epitaxial silicon layer in which the concentration of boron is 1 x 10 17 crrr 3 

63. A process for manufacturing a semiconductor wafer as defined in any one of claims 3 to 8, wherein at least one 
inspection step selected from the group consisting of inspection of the density of surface foreign particles, inspec- 
tion of film thickness distribution, inspection of the density of defects, inspection of surface profile, and inspection 

55 of edges is conducted on said second semiconductor wafer. 

64. A process for manufacturing a semiconductor wafer as defined in any one of claims 3 to 6, wherein said epitaxial 
growth is conducted by a Chemical Vapor Deposition (CVD) method. 
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65. A process for manufacturing a semiconductor wafer as defined in claim 6, wherein said p-type semiconductor 
substrate is a high concentration p-type silicon wafer. 

66. A process for manufacturing a semiconductor wafer as defined in claim 65, wherein the concentration of boron in 
s said high concentration p-type silicon wafer is between 1 x 10 17 cnrr 3 and 1 x lO^crrr 3 

67. A process for manufacturing a semiconductor wafer as defined in claim 65, wherein the specific resistance of said 
high concentration p-type silicon wafer is between 0.001 £i-cm to 0.5 Q-cm. 

io 68. A process for manufacturing a semiconductor wafer as defined in claim 7 or 8, wherein said first semiconductor 
layer is a P-epitaxial silicon layer. 



69. A process for manufacturing a semiconductor wafer as defined in claim 7 or 8, wherein said first semiconductor 
layer is composed of a plurality of layers. 

is 

70. A process for manufacturing a semiconductor wafer as defined in claim 7, wherein said second semiconductor 
layer has an impurity concentration, which defines p-type conductivity, higher than that of said first semiconductor 
layer. 



71. A process for manufacturing a semiconductor wafer as defined in claim 7, wherein the impurity concentration, 
which defines p-type conductivity, of said first semiconductor layer is identical with that of said second semicon- 
ductor layer. 



72. A process for manufacturing a semiconductor wafer as defined in claim 7, wherein said second semiconductor 
25 layer and separation layer are formed by ion implantation using a gas selected from the group consisting of hy- 
drogen, nitrogen, and rare gas. 

73. A process for manufacturing a semiconductor wafer as defined in claim 8, wherein said third semiconductor layer 
is an epitaxial monocrystalline silicon layer. 

30 

74. A process for manufacturing a semiconductor wafer as defined in claim 7, wherein said first member is obtained 
by forming said separation layer followed by forming said second semiconductor layer. 



75. A process for manufacturing a semiconductor wafer as defined in claim 74, comprising the additional step of forming 
35 a protection layer on the walls of the pores in said porous layer serving as said separation layer prior to the formation 

of said second semiconductor layer. 



76. A process for manufacturing a semiconductor wafer as defined in claim 74, comprising the additional step of con- 
ducting heat-treatment on said porous layer serving as said separation layer under a reducing atmosphere con- 
^0 taining hydrogen prior to the formation of said semiconductor layer. 



77. A process for manufacturing a semiconductor wafer as defined in claim 74, comprising the step of forming said 
second semiconductor layer by supplying a small amount of raw material gas which consists of said second sem- 
iconductor layer at a growth rate of 20 nm/min. or lower. 

45 

78. A process for manufacturing a semiconductor wafer as defined in claim 74, comprising the additional step of sealing 
the surface of said porous layer followed by conducting heat-treatment at a temperature higher than that for said 
sealing step prior to the formation of said second semiconductor layer, said sealing step comprising the steps of 
conducting heat-treatment on said porous layer under a hydrogen reducing atmosphere and/or supplying a small 

50 amount of raw material gas for said second semiconductor layer. 

79. A process for manufacturing a semiconductor wafer as defined in claim 8, wherein said first member is obtained 
by forming a third semiconductor layer onto said second semiconductor layer made porous. 



80. A process for manufacturing a semiconductor wafer as defined in claim 79, comprising the additional step of forming 
a protection layer on the walls of the pores in the porous layer of said second semiconductor layer made porous 
prior to the formation of said third semiconductor layer. 
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81. A process for manufacturing a semiconductor wafer as defined in claim 79, comprising the additional step of con- 
ducting heat-treatment on the porous layer of said second semiconductor layer made porous under a reducing 
atmosphere containing hydrogen prior to the formation of said third semiconductor layer. 

5 82. A process for manufacturing a semiconductor wafer as defined in claim 79, comprising the step of forming said 
third semiconductor layer by supplying a small amount of raw material gas which consists of said third semicon- 
ductor layer at a growth rate of 20 nm/min. or lower. 

83. A process for manufacturing a semiconductor wafer as defined in claim 79, comprising the additional step of sealing 
10 the surface of the porous layer of said second semiconductor layer made porous followed by conducting heat- 

treatment at a temperature higher than that for said sealing step prior to the formation of said third semiconductor 
layer, said sealing step comprising the steps of conducting heat-treatment of said porous layer under a hydrogen 
reducing atmosphere and/or supplying a small amount of raw material gas for said third semiconductor layer. 

is 84. A process for manufacturing a semiconductor wafer as defined in any one of claims 3 to 6, wherein the surface of 
said high concentration p-type silicon layer is smoothed prior to the epitaxial growth of said high concentration p- 
type silicon layer. 

85. A process for manufacturing a semiconductor wafer as defined in claim 7 or 8, wherein said second sembonductor 
20 wafer is formed by smoothing the surface of said first semiconductor layer on said separated p-type semiconductor 

substrate. 

86. A process for manufacturing a semiconductor wafer as defined in claim 85, wherein said smoothing step is carried 
out by conducting at least one treatment selected from the group consisting of surface-polishing, planing, etching, 

2S and heat-treatment. 

87. A process for manufacturing a semiconductor wafer as defined in claim 86, wherein said heat-treatment is heat- 
treatment under a reducing atmosphere containing hydrogen. 

30 88. A process for manufacturing a semiconductor wafer as defined in claim 87, wherein a temperature for said heat- 
treatment under a reducing atmosphere containing hydrogen is not lower than 800°C and not higher than the 
melting temperature of the component materials of said p-type semiconductor substrate. 

89. A process for manufacturing a semiconductor wafer as defined in claim 7, comprising the additional step of trans- 
ferring said second semiconductor layer to said second semiconductor substrate followed by removing said sep- 
aration layer remaining on said second semiconductor layer 

90. A process for manufacturing a semiconductor wafer as defined in claim 8, comprising the additional step of trans- 
ferring said third semiconductor layer to said second semiconductor substrate followed by removing said separation 

40 layer remaining on said second semiconductor layer. 

91. A process for manufacturing a semiconductor wafer as defined in claim 89 or 90, wherein heat-treatment under a 
reducing atmosphere containing hydrogen is conducted after removing said remaining separation layer. 

45 92. A process for manufacturing a semiconductor wafer as defined in any one of claims 2, 4, 5, 6, and 7, wherein said 
separation through said separation layer is separation caused at a part selected from the group consisting of the 
inside, the upper surface, and the lower surface of said separation layer. 

93. A process for manufacturing a semiconductor wafer as defined in claim 8, wherein said step of transferring said 
^o third semiconductor layer onto said second member is carried out by conducting separation at a part selected from 

the group consisting of the inside, the upper surface, and the lower surface of said first semiconductor layer made 
porous. 

94. A process for manufacturing a semiconductor wafer as defined in any one of claims 3 to 6, wherein said semicom- 
as ductor layer and said low concentration p-type silicon layer are formed by the same CVD apparatus. 

95. A process for manufacturing a semiconductor wafer as defined in any one of claims 3 to 8, wherein said second 
semiconductor wafer is used for use other than that for said first and second members. 
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96. A process for manufacturing a semiconductor wafer as defined in claim 6, wherein an oxide film having a thickness 
of 10 nm to 10 jim is formed on the back side of said p-type silicon substrate by said heat-treatment under an 
oxidizing atmosphere. 

5 97. A method for using a semiconductor wafer, characterized by preparing a seed-wafer which has been used for 
manufacturing a bonded SOI substrate followed by conducting smoothing treatment on at least one surface of said 
seed-wafer so as to be sold as a semiconductor wafer. 

98. A method for using a semiconductor wafer as defined in claim 97, wherein the process for manufacturing said 
io bonded SOI wafer comprises the steps of bonding a first member which has a monocrystalline semiconductor 

layer on a region of monocrystalline silicon through an insulating layer with a second member, and conducting 
separation through the inside and/or the surface of said separation layer. 

99. A method for using a semiconductor wafer as defined in claim 98, wherein said bonding step is the step of con- 
's ducting separation through an insulating layer which is formed on said monocrystalline semiconductor layer and/ 

or said second member. 

100. A method for using a semiconductor wafer as defined in claim 98, wherein said separation layer is selected from 
the group consisting of a porous layer which is formed by anodization treatment of a silicon substrate and a mi- 

20 crobubble layer formed by ion implantation of at least one element selected from the group consisting of hydrogen, 

nitrogen, and rare gas. 

101 .A method for using a semiconductor wafer as defined in claim 97, wherein said smoothing treatment comprises 
the step of mirror finish polishing. 

25 

102. A method for using a semiconductor wafer as defined in claim 97, wherein said smoothing treatment is conducted 
on both sides of said seed-wafer. 

103. A method for using a semiconductor wafer as defined in claim 97, wherein mirror finish polishing is conducted on 
50 both sides of said seed-wafer to be sold as said semiconductor wafer. 

104. A method for using a semiconductor wafer as defined in claim 97, wherein said smoothing treatment comprises 
the step containing hydrogen annealing. 

35 105.A method for using a semiconductor wafer as defined in claim 97, comprising the additional step of forming an 
epitaxial semiconductor layer on said seed-wafer. 

106. A process for manufacturing a semiconductor wafer as defined in claim 11 , wherein said separation layer and said 
layer made porous is each formed by anodization treatment. 

40 



45 



50 



55 



39 

SOOCtD: <EP 1006567A2_I_> 



EP 1 006 567 A2 



FIG. 1 



S6 



PREPARATION OF FIRST 
WAFER 


-v^SI 


< 






! FORMATION OF SEPARATION 
LAYER 


~\_/S2 








FORMATION OF MULTILAYER 
STRUCTURE 


-x^S3 








SEPARATION 


^S4 



DIVERSION 



COMPLETION OF 
SOI WAFER 



40 

NSOOCtD: <EP 1006S67A2 I _> 



EP 1 006 567 A2 



FIG. 2 



S6 



S7 



PREPARATION OF FIRST 
WAFER 



FORMATION OF SEPARATION 
LAYER 



FORMATION OF MULTILAYER 
STRUCTURE 



SEPARATION 



EPITAXIAL 
GROWTH 



S1 



-S2 



.S3 



S4 



COMPLETION OF K ^S5 
SOI WAFER 



COMPLETION OF 
EPITAXIAL WAFER 



ISDOC1D: <EP 1006S67A2_I_> 



41 



EP 1 006 567 A2 



FIG. 3 



PREPARATION OF FIRST 
WAFER 



FORMATION OF SEPARATION 
LAYER 



FORMATION OF MULTILAYER 
STRUCTURE 



SEPARATION 



s? - COMPLETION OF 
EPITAXIAL WAFER 



,S1 



S2 



.S3 



,S4 



COMPLETION OF K ^S5 
SOI WAFER 



42 

MSOOCID: <EP 1006567A2 I > 



EP 1 006 567 A2 

FIG. 4A ^ 
FIG. 4B p 

FIG. 4C s 

FIG. 4D< [== 

v 

FIG. 4E P" 

FIG. 4F 

FIG. 4G = 

43 

MSOOC1D: <EP 1 006567 A2_l_> 



EP 1 006 567 A2 



FIG. 5A 



-3 
A 



FIG. 5B 



FIG. 5C 



FIG. 5D 



-10 

1 

6 

10 

-1 

1 

- — 10 



r 



FIG. 5E< 



.10 



41 



-42 
-6 



FIG. 5F 



5 

■6 



FIG. 5G 



AO 

-1 



FIG. 5H 



A 



FIG. 51 



44 



EP 1 006 567 A2 



FIG. 6A 



FIG. 6B 



FIG. 6C 



********************** 

JNX\\XXXXXXXXXXXXXXXX>XXXXXXXX\X\XXXXXXXVO 

****************************************** 



r 



FIG. 6D< 




V 



FIG. 6E 



FIG. 6F 



FIG. 6G 



NSDOCID: <EP 1 006567 A2_l_> 



45 



EP 1 006 567 A2 



FIG. 7A 
FIG. 7B 



FIG. 7C 



FIG. 7D 




r 



FIG. 7E < 



V 



FIG. 7F 

FIG. 7G 
FIG. 7H 



FIG. 71 



46 



EP 1 006 567 A2 



FIG. 8A 



-32 
1 



FIG. 8B 



-10 



FIG. 8C 



-10 



FIG. 8D 




FIG. 8E< 




V 



FIG. 8F 



P'epi 



F/G. 8G 



P*sub 



-10 



-_1 



47 



GOOC1D: <EP 1006567A2 _l_> 



EP 1 006 567 A2 



FIG. 9A 



FIG. 9B 



FIG. 9C 



32 



31 



-1 



^22. 
31 
-1 



/ ^5 



>-^14 



10 



F/G. 9D 




r 



FIG. 9E< 




v 



FIG. 9F 



5 
6 



FIG. 9G 



.10 



48 



EP 1 006 567 A2 



FIG. 10 




59 



49 



iSDOCJD. <EP 1 006567 A2_l_> 



EP 1 006 567 A2 



FIG. 11 



MAINTENANCE 
AREA 



APPARATUSES 
FOR 

SEPARATION 
53 



APPARATUSES 
FOR SEPARATION 
LAYER REMOVAL 
AND SURFACE- 
FLATTENING 
54 



APPARATUS 
FOR EPITAXIAL 
GROWTH 

55 

/ 




57B 

APPARATUSES FOR 
PACKING EPITAXIAL 
WAFERS FOR SHIPMENT 



56B 

APPARATUSES FOR 
INSPECTION AND 
ANALYSIS OF 
EPITAXIAL WAFERS 



50 

MSDOCID. <EP 1006S67A2 I > 



EP 1 006 567 A2 



FIG. 12 



S50 




ISOOOD: <EP 1 006567 A2J_> 



51 



EP 1 006 567 A2 



FIG. 13 




59 



52 

NSOOQO:<EP 1006567A2 l_> 



EP 1 006 567 A2 



FIG. 14 



APPARATUSES 
FOR 

SEPARATION 
53 



APPARATUSES 
FOR SEPARATION 
LAYER REMOVAL 
AND SURFACE- 
FLATTENING 
54 



APPARATUS 
FOR EPITAXIAL 
GROWTH 



MAINTENANCE 
AREA 




57B 

APPARATUSES FOR 
PACKING EPITAXIAL 
WAFERS FOR SHIPMENT 



56B 

APPARATUSES FOR 
INSPECTION AND 
ANALYSIS OF 
EPITAXIAL WAFERS 



53 



1006S67A2_I_> 



EP 1 006 567 A2 



FIG. 15A 



FIG. 15B 




FIG. 15C 



FIG. 15D 



FIG. 15E 



r 



^6 
J>5 



-10 

-1 



F/G. 75F< 



v 




FIG. 15G 



FIG. 15H 



^5 
-6 

-2 
^10 

^-6 



54 



EP 1 006 567 A2 






55 



SOOaCh <EP 1006567A2_I_> 



EP 1 006 567 A2 



FIG. 17 A 



4 

A 



FIG. 17B 



^^^^^^^^^^^^^^^^ 



FIG. 17C 



FIG. 17D 



1 



V 



5 
2 



-41 
42 



kt 6 



FIG. 17E 



-5 
-2 



56 

NSOOCID: <EP 10065S7A2 I > 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(1D EP 1 006 567 A3 

EUROPEAN PATENT APPLICATION 



1°°/ 


uaic ui ^/uuiiuauui i #»w . 


t*%l\ intri7- H01L 21/20 H01L 21/762 




24 10 2001 Bulletin 2001/43 






L/calt» vl {JUUIILrCllKJI 1 AVe. . 






U/.UOxUUU DUIIcllil £UUU/£0 










(22) 


Date of filing: 03.12.1999 




(84) 


Designated Contracting States: 


* Snimada, Tetsuya, c/o uanon ivaDusniKi Kaisna 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tokyo (JP) 




MC NL PT SE 


• oaKagucni, Kiyotumi, 




Designated Extension States: 


c/o Canon Kabushiki Kaisha 




AL LT LV MK RO SI 


Toyko (JP) 






• Watanabe, Kunio, c/o Canon Kabushiki Kaisha 


(30) 


Priority: 04.12.1998 JP 34611698 


Toyko (JP) 




26.03.1999 JP 8464999 


• Ohmi, Kazuaki, c/o Canon Kabushiki Kaisha 




25.11.1999 JP 33454499 


Tokyo (JP) 


(71) 


Applicant: CANON KABUSHIKI KAISHA 


(74) Representative: 




Tokyo (JP) 


Beresford, Keith Denis Lewis et al 






BERESFORD & Co. 


(72) 


Inventors: 


High Holborn 


• 


Yonehara, Takao, c/o Canon Kabushiki Kaisha 


2-5 Warwick Court 




Ohta-ku, Tokyo (JP) 


London WC1 R 5DJ (GB) 



(54) Method of manufacturing semiconductor wafer method of using and utilizing the same 



(57) A process for manufacturing a semiconductor 
wafer which has superior suitability for mass production 
and reproducibility. The process comprises the steps of 
preparing a first member which has a monocrystalline 
semiconductor layer on a semiconductor substrate with 
a separation layer arranged therebetween with a semi- 
conductor wafer as the raw material, transferring the 



monocrystalline semiconductor layer onto a second 
member which comprises a semiconductor wafer after 
separating the monocrystalline semiconductor layer 
through the separation layer, and smoothing the surface 
of the semiconductor substrate after the transferring 
step so as to be used as a semiconductor wafer for pur- 
poses other than forming the first and second members. 



FIG. 4A 



A 
1 



CO 

< 

CD 

in 

CD 

o 
o 



0L 
LU 



pnnted by jouve. 75001 Paris (FR) (Cont. next page) 



SDOQD: <EP 1 006567 A3_l_> 



EP 1 006 567 A3 



FIG. 4B 



FIG. 4C 




FIG. 




FIG. 4E 




FIG. 4F 



FIG. 4G 



EP 1 006 567 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 99 30 9737 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with todrcafion, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (tmCL7) 


Y 


EP 0 843 346 A (CANON KK) 
20 May 1998 (1998-05-20) 

* abstract; claims; figures * 

* page 7, line 50 - line 52 * 


1-106 


H01L21/20 
H01L21/762 


Y 


US 5 131 979 A (LAURENCE JOHN E) 

21 July 1992 (1992-07-21) 

* abstract; claims; figures * 


1-106 




A 


EP 0 774 776 A (KOBE STEEL LTD ;K08E 

PRECISION INC (US)) 

21 May 1997 (1997-05-21) 

* abstract; claims; figures * 


1,2,38, 
39 




A 


EP 0 767 486 A (CANON KK) 
9 April 1997 (1997-04-09) 

* abstract; claims; figures * 

* column 12, line 55 - column 13, line 28 
* 


1-8,97 




A 


EP 0 793 263 A (CANON KK) 

3 September 1997 (1997-09-03) 


6 


TECHNICAL FIELDS 
SEARCHED (lnLCt.7) 




* abstract; claims; figures * 




H01L 


A 


EP 0 553 859 A (CANON KK) 
4 August 1993 (1993-08-04) 

* abstract; claims; figures * 


2,7,8, 
15,16, 
74-76, 
79-81 




A 


EP 0 867 922 A (CANON KK) 

30 September 1998 (1998-09-30) 

* abstract; claims; figures * 


2,7,8, 
15,19, 
74,78, 
79,83 




The present search report has been drawn up for all claims 







THE HAGUE 



Oats ot completion of trw sea rob 

31 August 2001 



Examine* 

Wtrner, C 



CATEGORY OF CfTED DOCUMENTS 

X : partlcutarty relevant K taken alone 

Y : particutorty relevant if combined w4tt> another 

document of the same category 
A : technotogicaJ background 
O: noo-MWtten cfeclosure 
P : Intermediate document 



T : theory or principle underlying the invenlion 
E : earlier patent document, but published on, or 

after the filng date 
D : document cited In the application 
L : document cled tor other masons 



& : member of the same patent family, corresponding 
document 



3 



tSDOQD: <EP 1006567A3J_> 



EP 1 006 567 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 9737 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with IfKMcaton, 
of relevant passages 



Relevant 
to dafm 



CLASSIFICATION OF THE 
APPLICATION (tBLCL7) 



WO 98 52216 A (HENLEY FRANCOIS J ; CHEUNG 
NATHAN W (US); SILICON GENESIS CORP (US)) 
19 November 1998 (1998-11-19) 
* abstract; claims; figures * 



1-3,26, 

32,53, 

59,60 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 

(TnLCt.7) 



Place & search 

THE HAGUE 



CMb of completion at the March 

31 August 2001 



ExOTuner 

Wirner, C 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant N taken alone 

V : particutarty relevant ft combined with another 

document of me same category 
A : technological bacfqpjound 
O : non-wrtteo disclosure 
f* : Intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on. or 



D : document cted in the appftcatkxi 
L : document cted tor other reasons 



patent family, correspond rig 



NSDOCIO: <EP 



_1O06567A3_l_> 



EP 1 006 567 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 30 9737 



TWs annex lists mo patent family membersreiadng to the patent documents cited In the above-mentioned European search report 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is In no way BaWe for these particulars which are merely given for the purpose of Information. 

31-08-2001 



Patent document 




Publication 




Patent family 


PubS cation 


cited in search report 




date 




member(s) 


date 


EP 0843346 


A 


20-05-1998 


AU 


4517497 A 


21-05-1998 








CN 


11Q1 OQO A 

il913o3 A 


AO 1 f\ftO 

Zo-Uo-1998 








IP 


1 f\*>f\l\f\7Q A 

iu^uuu/y a 


11 A! 1 AAA 

31— 0/-1998 










b4b93 A 


1 c. it i aao 

lb-11-1998 








IIC 

Uo 


CAfTJOCO A 

O0b43o3 A 


OF Ail OAftn 

25-04-2000 


US 5131979 


A 


_ _ _ — _ „ 

21-07-1992 


NONE 






EP 0774776 


A 


21-05-1997 


US 


5855735 A 


05-01-1999 








ID 

Jr 


ni7inoi a 
91/1981 A 


*3 A AC i A AT 

30-06-1997 








KR 


Z36991 B 


i r ai onnn 

15-01-2000 


EP 0767486 


A 


09—04-1997 


ID 

Jr 


916ZO90 A 


OA AC 1 nm 

20-06-1997 








CA 


Z18/Z69 A 


AT Ail 1 AA"T 

07-04-1997 








CN 


1 1 COA71 A 

llb9U/l A 


1 A AA 1 AA1 

10-09-199/ 










o3t>o9 A 


OA AO 1 AAA 

30-03-1999 








1 IC 

US 


o24ouo8 D 


1 O AC OAA1 

12-06-2001 








US 


5854123 A 


29-12-1998 


CD A^A-OOCO 

tr 0/93ZO3 


A 


03—09—199/ 


ID 


Q007O0iS A 

9£3/oo4 A 


na no iaatt 
09—09—1997 








f A 


ZlVobbZ A 


OO AO 1AA7 

Z8-08-199/ 








r m 

CN 


lloVUiib A 


O 1 11 1 A A "7 

31-l/:-199/ 








vx> 
KK 


£3ob/l D 


ir a 1 OA AA 

lb-01— ZO0O 








ou 


CCOOA A 

bbloO A 


O 1 1 O 1 OOQ 

ci— lc— 199o 


tr Qbb3ob9 


A 


Ail AO IftftO 

04—08-1993 


ID 

Jr 


C017Q07 A 


O *7 AO 1 A A O 

£/— 08— 1993 


EP 0867922 


A 


30-09-1998 


AU 


728331 B 


04-01-2001 








AU 


596QQ98 A 


A1_10_1AAO 
KJ x ±.\J A 27 jO 








CA 


2233115 A 


27-09-1998 








CN 


1199920 A 


25-11-1998 








JP 


10326882 A 


08-12-1998 








KR 


260832 B 


01-07-2000 








SG 


68658 A 


16-11-1999 








TW 


404061 B 


01-09-2000 








US 


6143628 A 


07-11-2000 


W0 9852216 


A 


. 19-11-1998 


US 


5994207 A 


30-11-1999 








US 


6155909 A 


05-12-2000 








AU 


7685198 A 


08-12-1998 








CN 


1255237 T 


31-05-2000 








EP 


0995227 A 


26-04-2000 








US 


6013567 A 


11-01-2000 








US 


6033974 A 


07-03-2000 








US 


6048411 A 


11-04-2000 








US 


6159824 A 


12-12-2000 



Si For more details about mis annex :see Official Journal ot the European Patent Office. No. 12/82 



5 



SDOOD: <EP 1006567A3_I_> 



THIS PAGE BLANK (uspto) 



EP 1 006 567 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 9737 



This annex fists the patent famtty members relating to the patent documents died in the above-mentioned European search report 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is in no way (table for these particulars which are merely given tor the purpose of Information. 

31-08-2001 



Patent document 
cited in search report 



Publication 



Patent family 
member(s) 


Publication 
date 


US 


5985742 


A 


16-11-1999 


us 


6146979 


A 


14-11-2000 


us 


6013563 


A 


11-01-2000 


us 


6010579 


A 


04-01-2000 


us 


6159825 


A 


12-12-2000 


us 


6245161 


B 


12-06-2001 


us 


6162705 


A 


19-12-2000 


us 


6187110 


B 


13-02-2001 



W0 9852216 



& For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



JSDOCID: <EP 



1006567 A3 I > 



THIS PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



LJ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (uspto) 



